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(by ultrasonics) 


Our micrograph shows the membrane of a cell of baker’s yeast, the 
contents of which have been expelled by means of an MSE-MULLARD 
Ultrasonic Disintegrator. 


Scientists will readily appreciate from this simple example the advantages 
of the utilisation of sound energy for the disruption of plant and animal 
cells, bacteria, viruses and even large molecules. This Disintegrator has, 
indeed, gained rapid recognition as an invaluable aid in the preparation 
of antigens, for the extraction of enzymes and toxins, and in the study of 
intercellular components. 
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The body of the rod is spectrographically pure graphite 
having a short core at one end of a mixture of finely 
powdered graphite and platinum (by weight 85% platinum 
and 15% carbon). Different film compositions can be 
obtained by using the rods in pairs or in conjunction with 
plain graphite when a smaller percentage of platinum in the 
film is necessary. These rods can be fitted to the standard 
carbon evaporation source supplied with ‘* Speedivac ”’ 
12E6 vacuum coating unit which has been specially 
designed for electron microscope work. 


* Based upon the technique developed by D. E. Bradley. 
+ Hilliard, A., Holland, L., Siddall, G., Brit. Fat. Appl. No. 1753/59. 
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biochemical house in the world! 





Yes ... there’s a reason, actually several of them, why more research investigators . 
tely on NBCo than any other biochemicals organization. One of them is that 
NBCo is the most COMPLETE source for ALL their biochemical needs. 
They can depend on every NBCo chemical to be of the HIGHEST QUALITY 
. .. at the LOWEST POSSIBLE PRICE! And finally . . . NBCo’s lightning 

FAST SERVICE (all orders shipped within 8 hours of receipt!) 
Yes, thousands of organizations are capitalizing on the many 
advantages Nutritional Biochemicals Corp. can offer. Are you? 
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CHAPMAN & HALL 


* Two new books from John Wiley & Sons, Inc. * 


THE MOLECULAR BASIS 
OF EVOLUTION 


by CHRISTIAN B. ANFINSEN 


241 pages Illustrated 56s. net 


This book proposes a biochemical approach to the study of evolution, the latter being 
considered as the integrated form of the sciences of genetics and protein chemistry. The 
protein chemist, especially, will benefit from this view of what is happening in a fast growing 
area of chemistry and genetics; but the book will also be of interest to medical research 
workers and to students studying the general framework of evolution. 


SPACE TECHNOLOGY 


Edited by HowARD SEIFERT 


1,048 pages Illustrated 180s. net 


Thirty-eight experts in their respective fields present analytical treatments of all phases of 
space technology. The subject of ballistics and flight dynamics—the foundation of space 
travel—is treated in an especially complete and analytical way, with 11 authors presenting 
new material. The next most vital subject—propulsion—is treated by 7 authors and covers 
both present-day and future systems. Major sections are also included on communications 
and guidance, man in space, and scientific uses of space. 
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PRECISION INSTRUMENTS 


Quarts Spectrograph No. I! 


Designed to photograph the spectrum between 
2200A and 7000A on a photographic 








plate measuring 64 in. x 23 in. 
Approximate length of spectrum 
over this range is 120mm. 

Price complete: £150. Slit rods and 


quartz condenser extra. 


Bellingham & Stanley Ltd. 


DEPT. , 71 HORNSEY RISE, LONDON, y . 
PHONE: ARCHWAY 2270 
Sole distributors in U.K. for Schott Monochromatic Interference Filters 
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NATIONAL PARKS AND NUCLEAR POWER STATIONS IN BRITAIN 


N addressing the Conference of National Park 
Authorities at Bakewell recently, then Minister of 
Housing and Local Government, Mr. H. Brooke, said 
that the national parks in Britain are not intended 
to be either museums without life in them or mere 
holiday resorts, and he emphasized once more the 
need to carry with us, in serving whatever purpose 
the national parks should meet, those who work and 
have their homes within those areas. The vital 
necessity of public understanding and support has 
been clearly demonstrated during the first ten years 
of the operation of the National Parks and Access to 
the Countryside Act, but it has also been made 
abundantly plain that one of the major difficulties is 
that of finance. The failure of successive Govern- 
ments to provide the means has been the main cause 
of lack of progress, both through the impossible 
burden it has put on local authorities and by hindering 
or even preventing the work of educating public 
opinion. 

It would appear from his address to the Con- 
ference that the Minister was aware of much of this 
and it could be inferred from the tenor of his address 
that he had in mind the possibility of an amending 
or amplifying measure in the near future. It is true 
he specified a clear conception of what the national 
parks are intended to be as a pre-condition of any 
fresh legislation, and it is obvious that the time is 
ripe for a good deal of clear and constructive thinking 
over this whole question of amenity, of the relation 
between national and local interest and the balance 
between various national interests which may or 
may not be irreconcilable. 

From this point of view alone, the report of the 
Forest of Dean Committee* merits attention. This 
Committee was appointed in June 1955, under the 
chairmanship of Sir Thomas Creed, to review the 
situation in the Forest of Dean and, having regard to 
all existing rights and interests, to recommend such 
measures as are considered desirable and necessary 
to secure that the administration of the Forest, more 
particularly as regards the grazing of animals, may 
be adjusted to modern requirements. The Forest of 
Dean is one of the ancient royal forests, second in 
area of woodland only to the New Forest, but 
although the forest does not lie in a national park 
area, it includes the first woodlands of the Forestry 
Commissioners to be designated a national forest park 
in England. Its administration involves problems of 
reconciling such interests as afforestation, common 
grazing, and mineral and other development, which 
give the report of this Committee a profound interest 
to all concerned in the problems connected with the 
preservation of amenity and development generally. 

It is the recommendations of the repoit in regard 
to amenities, development and planning that are of 


* Forestry Commission. Report of the Forest of Dean Committee, 
1958. Pp. v+59+14 plates. (Cmnd. 686.) (London: H.M. Stationery 
Office, 1959.) 8s. net. 


chief interest here, although those relating to grazing, 
which occupy the greater part of the report, are of 
course equally important if damage either to sylvi- 
culture or features of special interest and beauty, 
which constitute the charm of the Forest and give it 
high amenity value, is to be minimized. The report 
firmly opposes any proposal to carry out open-cast 
coal-working, in view of the grave effect such oper- 
ations would have on the amenities of the Forest, 
and it will be noted that the National Coal Board on 
August 19 announced its intention of discontinuing 
such workings. Likewise, the Committee recommends 
that the deputy surveyor, the officer responsible for 
the control of the Forest, should invariably be con- 
sulted when an application is made for a grant of 
land for mining or quarrying, or for the extension of 
the period of existing grants. It is also recommended 
that the siting of overhead power lines should be 
planned to cause the least possible disturbance to the 
rural scene, and should be subject to the prior 
consent of the verderers. 

Many of the recommendations relate to matters 
of detail, such as the planting of the old colliery 
spoil heaps, the leaving of any disused railway track 
in a condition fit for other uses, the character of 
fencing and the immediate correction of such abuses 
of the open forest as the boiler works at Clearwell 
Meens (Sling). Tribute is paid to the valuable 
development work which has been done by the 
Development Association of the Forest of Dean, 
which should be encouraged to continue ; but indus- 
trial development should be limited to that providing 
occupation for people who live in the immediate 
vicinity of the Forest and its surrounding villages 
and, so far as possible, should be concerned with the 
raw material of the Forest. It is recognized that 
there is scope for further development of the tourist 
industry by providing more hotels, but the Com- 
mittee recommends that the whole of the Forest 
should be declared an area of ‘special control’ under 
the Town and Country Planning Act, 1947, and 
particular attention paid to outdoor advertising. 
Provision of additional caravan sites and camping 
grounds and further facilities for car-parking and 
picnicing are also recommended, and the creation of 
additional points of view, with any necessary clear- 
ance of glades. The Forest is fortunate in having 
soils universally recognized as favourable for the 
growth of the more exacting broad-leaved trees such 
as oak and beech, and it is recommended that the 
Forest should continue to be predominantly broad- 
leaved, and that the practice of placing tree name- 
boards where appropriate should be extended. 

The most cursory reading of the debate on national 
parks in the House of Lords on July 1 reveals the 
relevance of such details to the functioning, or even 
the existence, of national parks themselves, and there 
was a subsequent debate on nuclear power stations 
in the House of Commons on July 30 which was 
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concerned specifically with the siting of overhead 
power lines. This latter debate arose out of the 
decision to place a nuclear power station at Dungeness 
and to convey power, by overhead line or pylons, 
thence to Canterbury. Other aspects of that decision 
are considered below; but the proposal to erect 
such overhead transmission lines from the power 
station to a sub-station at Lydd and to construct 
certain sections of an overhead transmission line 
from Lydd to a sub-station at Canterbury was also 
covered by the public inquiry on December 16-18, 
1958. The Minister of Power, after consultation with 
the Minister of Housing and Local Government, 
announced on July 11 his intention to consent to 
the construction of the power station and of the 
overhead transmission lines. 

The reports of the inspectors in charge of both 
these inquiries have been published, and that 
relating to the power station, a proposal which was 
uncompromisingly opposed by the Nature Con- 
servancy, and its approval described by the Council 
for Nature as a scientific tragedy, merits close study 
by the scientist. The debate on July 30, however, is 
of interest for the reply it drew from Sir Ian Horobin, 
then Parliamentary Secretary to the Ministry of Power, 
first defending the Government’s siting policy and 
then explaining further the position regarding over- 
head transmission. The Council for Nature had 
suggested that the Government should now review 
its policy of siting power stations on coast lands, as 
it would be impossible to continue indefinitely the 
siting of such stations away from built-up areas if 
any stretches of coast were to be preserved unspoiled. 

Sir Ian advanced no fresh arguments in defence of 
the present policy, though it is implicit in his state- 
ment that the policy should be reconsidered as soon 
as practical experience has demonstrated the extreme 
remoteness of any possibility of accident. On the 
question of overhead transmission, he gave figures 
for underground transmission as of the order of 
£200,000 a mile, with a further 50 per cent to cover 
trenching and filling-in, and another £100,000 in 
certain circumstances to overcome instability due to 
the condenser properties of the cable. He did not, 
however, disclose the basis of this estimate of, say, 
£300,000 a mile, which Mr. W. F. Deedes had chal- 
lenged ; and, although he assured the House that 
the question of design is receiving very careful 
attention, in view of the strong objections to over- 
head transmission on amenity grounds and the 
misrepresentations of which the electricity boards 
have been guilty from time to time, it would seem 
somewhat unreasonable not to prepare independent 
figures from a source the impartiality and technical 
standing of which are alike above suspicion. It was 
stated by Mr. Reginald Maudling in a written reply 
in the House of Commons on July 13 that a decision 
on other parts of the transmission lines had been 
deferred, pending the examination of a possible 
alternative route which the Minister of Power had 
requested. 

The debate in the House of Lords preceded the 
announcement of the Minister’s decision, but took 


NATURE 


October 3, 1959 


VOL. 184 


place a few hours after work had been started on the 
Trawsfynydd nuclear power station—the outstanding 
example so far of the approval of the erection of a 
major industrial undertaking in the heart of a national 
park. The debate was primarily on the ninth annual 
report of the National Parks Commission, and it was 
notable for an outstanding speech by Lord Birkett. 
Lord Silkin, in opening the debate, had paid tribute 
to the value of the voluntary work now being done 
in the national parks, for example, by wardens, and 
in clearing away disfigurements; but after com- 
menting that the Trawsfynydd decision was actually 
contrary to the opinion of the Ministry’s own in- 
spector, had stressed the need for adequate financial 
support from national rather than local sources. 
Lord Silkin was strongly supported in all this by 


Lord Birkett, who commented that the Minister of — 
Housing and Local Government should pay much ~ 


more attention to the recommendations of the Com- 
mission, and that even as little as one-eighth of a 
penny a week per head of the population would 
suffice to preserve and guard natural beauty in our 
parks compared with the lls. a week at present 
required for national defence. 

The core of Lord Birkett’s speech, however, did 
not lie in this plea for adequate financial support 
and publicity or even for the placing of the financia! 
responsibility for a national interest where it properly 
belongs—on national and central rather than on local 
funds. It was rather in his reasoned argument that 
the National Parks Commissioners should have 
adequate power. This is partly a matter of appropriate 
administrative arrangements—national and not local 
—though Lord Birkett insisted on the need for local 
support and understanding ; but it is much more a 
matter of recognizing that there are and must be 
occasions when amenity is the over-riding national 
interest, and on this point Lord Birkett supported 
the proposal to establish a special committee of the 
Privy Council as an appeal tribunal. Over the 
years, he urged, a body of decisions would in this 
way be collected which would constitute a contin- 
uing guide, and with this, and certain modifica- 
tions to the National Parks Act in respect of 
such matters as compensation, Lord Birkett 
seemed to think the situation might be met satis- 
factorily. 

While welcoming these speeches, the Earl of 
Dundee, in his reply on behalf of the Government, 
did not offer an assurance of legislation or meet the 
argument for the over-riding interest of amenity in 
certain circumstances. Lord Silkin, indeed, dis- 
sociated himself afterwards from Lord Birkett’s 
proposal for an appeal tribunal, but that merely 
strengthens the argument for adequate authority for 
the National Parks Commissioners themselves. Even 


more than the Trawsfynydd decision, that approving 
the erection of a nuclear power station at Dungeness 
demonstrates the inadequacy of the assurance of the 
Earl of Dundee that the Government is conscious of 
its duty to preserve and enhance the beauty of 
national parks, and that such problems will be 
carefully studied. 
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The Dungeness proposal was strongly opposed on 
various grounds by the Kent County Council, the 
Botanical Society, the Royal Society for the Pro- 
tection of Birds, the Council for the Preservation of 
Rural England, the National Farmers’ Union, the 
Dungeness Fishermen’s Association and others ; but 
it is the opposition of the Nature Conservancy and 
the Council for Nature that is of main scientific 
interest, and even from the national point of view is 
most significant. The Nature Conservancy did not 
oppose the proposal simply on the ground that the 
site chosen lay within a projected nature reserve. 
Its opposition was based much more on the unique 
and irreplaceable permanent importance to science 
of the land in question, for which there is no adequate 
substitute in Europe. As Mr. E. M. Nicholson, 
director of the Nature Conservancy, explained in his 
evidence at the inquiry, the area, which is probably 
the most important stretch of new land added to 
England since 1600 and is the most suitable for 
tracing natural processes of coast-building as well as 
the largest cuspate foreland in the British Isles and 
probably in Europe, had long been treated through- 
out the world as a type example of a major coastal 
depositional feature. It combines a history of major 
shore changes with records of other related changes 
such as river outlets, ports and settlements, and 
provides materials for research on the relations 
between the emergence of dry land and the variation 
of the shore-line. Physiographers have made com- 
prehensive studies of this area over a prolonged 
period, generally involving investigations of the 


_ shingle composition of the various ridges which appear 
_ on the Foreland. There is still, however, a wide 


divergence of views on how and why this massive 
deposition of shingle at Dungeness occurs. The 
presence of a power station on the site would prob- 
ably prevent the continuance of the scientific work, 


' while the destruction of the shingle ridges would 


destroy the evidence from which scientists could 


» reach their conclusions. 





These studies, moreover, are of practical import- 
ance to coastal engineers, and their interruption 


_ would represent a great loss to the science of coastal 
| studies. 
' Council for Nature describing the decision as a 
_ scientific tragedy went so far as to assert that one 


A subsequent statement issued by the 


result might well be the eventual disappearance into 
the sea of yet more villages on the east coast of 
Britain through lack of adequate knowledge of the 
means to check erosion. Mr. Nicholson emphasized 
that the site for the power station covered practically 
the whole of the remaining undisturbed area of 
shingle and coincided with the area where the recent 
ridges could be dated precisely from the nineteenth 
and twentieth century surveys. Any large-scale 
interference with this shingle would thus make it 
impossible for any further studies on the ground to link 
the present to the past in uninterrupted sequence, 
and thus destroy for all time the area of scientific 
value to physiographers, sterilize the follow-up of 
past studies and prevent future work from which 
important results were anticipated and for which much 
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fundamental material existed on the Dungeness 
site. 

Besides these reasons, which were fully supported 
by the Council for Nature, other objections to the 
proposal are minor. Their force was fully admitted 
by the inspectors in charge of the inquiry, who 
recognized that the shingle ridges within the power 
station site would be destroyed; but though they 
thought that the work of the bird observatory at 
Dungeness might also be affected, they did not think 
that the area would be entirely impaired as a nature 
reserve, or that the work of botanists and entomo- 
logists would be upset. Nevertheless, with some 
reluctance, the inspectors in their report recom- 
mended consent to the construction of the power 
station, and, as already noted, the Minister of Power 
has now given his decision accordingly. 

In announcing his decision, the Minister stated 
that he had had in mind the growth of the demand 
for electricity and the great importance of imple- 
menting the nuclear power programme. He also 
pointed out that, even if there were no nuclear power 
programme, it would not be practicable to site new 
power stations on the coalfields, because of the very 
large quantities of cooling water required. Neverthe- 
less, he did not meet the essential point that from a 
physiographical point of view the Dungeness site is 
unique and its loss irreparable ; alternative sites for 
power stations do exist and will ultimately have to 
be found. This is indeed the key issue and might 
well justify the decision being described as something 
more than a national tragedy. Until it is recognized 
that there are places where the national interest is 
primarily amenity or scientific, and where power 
development or even defence must be secondary, 
neither nature conservancy, national parks nor the 
planning of land development can have any real 
meaning. It is of the utmost importance that the 
fullest possible use should be made of such reports as 
those of the Forest of Dean Committee, the National 
Parks Commission and of the Dungeness inquiry 
itself. They demonstrate what is really involved and 
the price that has to be paid if in any part of this 
small island natural beauty, flora and fauna, or the 
scientific task of understanding and utilizing the 
natural resources of Britain are to be safeguarded 
against sectional and transient interests. 


THE EARTH AS VIEWED IN 1959 


The Earth 

Its Origin, History and Physical Constitution. By 
Sir Harold Jeffreys. Fourth edition. Pp. xvi+420+ 
10 plates. (Cambridge: At the University Press, 
1959.) 75s. net. 


EOPHYSICAL research has proceeded so rapidly 
since publication of the third edition of Jeffreys’s 
“The Earth” in 1952 that he decided to revise it. Our 
information and hypotheses about the universe are 
changing rapidly, as any reader of Nature knows. 
These hypotheses provide new ideas about the origin 
of the Earth and, consequently, change our notions 
of the Earth’s history. Use by geophysicists of elec- 
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tronic computers accelerates interpretation of new 
results in many fields of geophysics and permits 
rapid checking of hypotheses. Total funds available 
for geophysical research, even after the International 
Geophysical Year, are many times more than they 
used to be. New conclusions, many of them about 
properties of the oceanic crust of the Earth, mount 
rapidly and many of them are making apparently 
well-confirmed hypotheses obsolete. We have to 
consider the possibility that phase changes in silicates 
are responsible for discontinuities in the Earth which 
before have been attributed to sudden changes in 
material. Our hypotheses concerning the source of 
the Earth’s magnetic field are in a state of flux. It 
has been found that the temperature inside the Earth 
may be greatly affected by radiation, especially 
across portions of the Earth’s mantle. There are 
other examples for the fact that, at present, many of 
our hypotheses concerning the Earth are changing 
much faster than during any earlier period. Moreover, 
hypotheses about new fields in geophysics, for example 
on the outer atmosphere, are added. As a consequence, 
it is now impossible for one person to be expert over 
the whole of geophysics, as Jeffreys points out in the 
preface, and he does not discuss the problems men- 
tioned above. 

This rapid progress in geophysics requires that any 
geophysicist who wants to be up to date must consult 
new books and publications. Since Jeffreys’s ‘“The 
Earth” is the most used and best accessible book 
about geophysical problems, it is very gratifying 
‘that the fourth edition has been published. Every 
scientist working with problems which are discussed 
in the book will have to familiarize himself with the 
new edition. Among the problems, for which Jeffreys 
has revised earlier discussions, are some related to 
non-elastic processes. Unfortunately, many of these, 
while playing a very important part in geophysics, 
are still poorly understood even by specialists. Lack 
of such information affects investigations of the 
processes connected with body tides, variation of 
latitude, Love’s numbers for the Earth and related 
problems, etc. Among other sections which have 
been revised by Jeffreys are those related to the 
temperature in the Earth and the structure of the 
upper portion of its mantle. New results concerning 
both have been published since the new edition was 
written. The suspected wandering of the Earth’s 
magnetic poles is mentioned in the fourth edition, 
but in connexion with this and the related problem 
of continental drift, Jeffreys has still too many doubts 
about the underlying processes to give details. How- 
ever, his books are always inspiring, regardless of 
whether the reader agrees with his conclusions or 
not. To summarize: study of the fourth edition of 
“The Earth”’ is strongly recommended to all scientists 
investigating problems related to physics of the 
Earth. B. GUTENBERG 


GEMMOLOGY 


Gemstones 
By G. F. Herbert Smith. Thirteenth edition, revised 


by F. C. Phillips. Pp. 560+27 plates. (London : 
Methuen and Co., Ltd., 1958.) 50s. net. 


ERBERT SMITH’S “Gemstones” has been a 
standard book of reference on precious stones 

and a text-book for students of gemmology ever since 
its first edition appeared in 1912. 


In its ninth 
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edition, published in 1940, it was considerably 
enlarged and still further additions were made to 
the tenth edition in 1949. 

In the new edition Dr. Coles Phillips has shortened 
and simplified the chapters on crystal form and 
structure and the chapter on optical properties, 
Chapters on organic products—ivory, tortoise-shell, 
coral, jet and the resins—have been reduced and a 
short chapter on the formation of gemstones has been 
added, and also a very welcome chapter on the 
polarizing microscope. 

An important change in the arrangement is made 
in that the distinction of precious and semi-precious 
stones is dropped. Instead of the old arrangement 
the principal gemstones are described in fifteen 
chapters and the others are collected in alphabetical 
order in one long chapter. This chapter contains 
descriptions of 25 mineral species that provide 


gemstones of varying merit and scarcity, including | 
painite © 


two new species discovered as gemstones; 
and taafeite, MgBeAl,O,. Sinhalite, MgAlBO,, is 
described under olivine, with which it was confused 
until about 1957. 

The book has been brought up to date wherever 
necessary and it has been possible to include a brief 
account of the successful crystallization of diamond 
in the laboratories of the General Electric Co., 
Schenectady, New York. Another piece of diamond 
news, concerning the famous Hope Diamond, was 
announced perhaps too late for printing in this book. | 


This wonderful blue diamond of 44-4 carats, formerly | 


the property of Mr. Harry Winston of New York, | 


has now been presented by him to the Smithsonian | 
Institution and is displayed in a special case in the | 
newly designed mineral gallery of the National | 


Museum in Washington. 


In conclusion it should be added that print, paper 


and illustrations in this new edition are much! 
improved and both author and publishers are to be | 
congratulated. W. CAMPBELL SMITH 


A First Course in Statistics 
By Robert Loveday. Pp. xii+121. 
At the University Press, 1958.) 8s. 6d. 


Statistics 
An Introduction. By Prof. D. A. 8. Fraser. (Wiley 
Publications in Mathematical Statistics.) Pp. 
ix+398. (New York: John Wiley and Sons, Inc.; 
London: Chapman and Hall, Ltd., 1958.) 54s. net. 
HE flow of statistical text-books, which some 
years ago threatened to swell into a flood, has 
recently dwindled to a trickle; the appearance of 
two new books almost simultaneously is therefore 
a matter of some interest. But simultaneity is about 
the only thing these books have in common. The fact 
that they are aimed at different classes of students, 
in Mr. Loveday’s case General Certificate of Educa- 
tion ordinary-level candidates, and in Prof. Fraser’s 
case mathematical students in universities, accounts 
for only part of the difference. The main difference 
arises from a fundamentally different conception of 
what statistics is about. 

Mr. Loveday is concerned throughout with distri- 
butions of empirical data and how to describe them. 
The concept of probability scarcely enters into the 
discussion ; in the index, for example, the term is 
not even mentioned. No doubt Mr. Loveday has 
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succeeded in presenting a clear and simple introduc- 
tion to descriptive statistics. Certainly he has col- 
lected together a set of exercises which will be useful 
in elementary teaching. But it may be questioned 
whether, in the light of the developments of the 
subject that have taken place during the past thirty 
or forty years, this exclusive concentration on 
descriptive statistics is the best way of introducing 
the subject even at the most elementary level. One 
would have thought that some of the time spent 
discussing measures of location and dispersion and 
similar matters could have been spared for an intro- 
duction to the more exciting topics of probability, 
sampling and inference. 

For the choice of subject-matter the author is 
perhaps not so much to blame as the General Certi- 
ficate of Education examining authorities. Mr. Love- 
day must, however, bear the responsibility for clutter- 
ing up the student’s mind with unnecessary and 
esoteric terms such as “‘ogive” in place of ‘cumulative 
frequency distribution’, ‘“‘Galton graph”’ for ‘scatter 
diagram’, ‘“‘historigram”’ for ‘graph of a time series’, 
“direct correlation’? for ‘positive correlation’, and so 
on. Those fortunate enough to become professional 
statisticiaris will never use these terms later in life. 
Why should they have to learn them as beginners ? 

It is hard to justify Mr. Loveday’s treatment of 
regression, as he confines his discussion of the fitting 
of regression lines to methods which are almost never 
employed in practice. Why not give the student the 
formula for the least-squares coefficient? The 
formula for the correlation coefficient is given in the 
succeeding chapter and this is certainly harder to 
understand, as well as to calculate, than the regression 
coefficient. 

Two minor points. First, the definition of a random 
sample on page 93 as “one for which every member 
of the group has an equal chance of selection” is 
quite inadequate. For example, a population of a 
hundred individuals could be divided into ten sub- 
groups of ten in some systematic way and a sub-group 
picked at random; then every individual would 
have exactly one chance in ten of being picked but 
we would not have a sample of the kind the author 
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_ is concerned with. Secondly, the formula given for 


the normal distribution on page 107 should have the 


_ n deleted. 


Prof. Fraser’s approach is completely different. 
He begins with probability and probability distri- 
butions and never mentions empirical frequency 
distributions. The question of what are the best 
measures of location and dispersion does not detain 
him at all: he plunges straight for the mean and 
variance and presses on at high speed. Such an 
approach is quite intelligible in the light of modern 
statistical methods where the emphasis has shifted 
away from pure description to the fitting and testing 
of mathematical models. Of course, in the book under 
review the treatment can be, and is, conducted at a 
fairly advanced level in view of the mathematical 
level of the reader for whom it is intended. Never- 
theless one would like to see a similar spirit abroad 
at all levels, however elementary. 

While reading the book one has the impression that 
among the author’s guiding lights has been the wish 
to introduce students as early as possible to the ways 
of thinking about statistical problems that are custom- 
ary among professional research workers. It was 
particularly good to find a thorough treatment of 
orthogonal transformations, projections on to sub- 
spaces and pivotal reductions of the normal equations. 
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Once these basic ideas have been grasped the theory 
of multiple regression, the analysis of variance and 
covariance, and much else in statistical theory 
become straightforward. 

In spite of the book’s merits it must be confessed 
that parts of it are likely to be found hard going by 
some students, particularly Chapter 7 on sampling 
from finite populations and its applications to the 
analysis of variance. There are easier ways of deriv- 
ing the formula for the variance of the mean of a 
sample from a finite population than that given on 
pages 136—7. Moreover, the misuse of the term “‘strati- 
fication” should not pass unmentioned : Prof. Fraser’s 
“nested sampling’ corresponds in sample survey 
terminology to multistage sampling, not to stratified 
sampling. One feels that many of his results could 
be obtained more simply by current multistage theory 
than by the methods given in this chapter. 

J. DURBIN 


THE CULTURE OF CELLS 


Cell and Tissue Culture 

By Dr. John Paul. Pp. viii+261+9 plates. (Edin- 
burgh and London: E. and S. Livingstone, Ltd., 
1959.) 30s. net. 


N 1959 it can be said that the technique of tissue 
culture is well established and widely applied, 

even on an industrial scale. This claim could not 
have been made in 1949. Yet, more than fifty years 
ago the principles of cell cultivation outside the body 
were described and successfully demonstrated by 
Ross Harrison, and his work was energetically fol- 
lowed up by pioneer schools in the United States, 
Britain and elsewhere in Europe. 

As is strikingly apparent in Dr. Paul’s book, a 
new phase of confidence and application began about 
ten years ago, and cell and tissue culture to-day 
provides the following opportunities. Mammalian 
and plant cells, adapted to culture conditions, can 
multiply indefinitely in chemically defined media. 
When required, gram amounts of cells may be har- 
vested after relatively short periods of growth. All 
aspects of cell multiplication and development can be 
accurately determined and recorded. Permanent 
cell strains, including a number of human origin, are 
available, and cultures can be sent safely to any part 
of the world. 

Clones are now readily established from single 
isolated cells, the chromosomes can be made clearly 
visible and their metabolic effects determined. 
Viruses may be detected and their pathogenicity 
investigated. The metabolism of cancer cells and 
their response to treatment can be compared with 
the behaviour of normal cells, if these are freshly 
explanted from the body tissues. 

Dr. Paul’s up-to-date text will be invaluable to 
every newcomer to the technique and it will also be 
welcomed by experienced workers. It describes 
lucidly all the technical aspects of the work, from the 
organization of a suitable laboratory (including such 
time-saving detail as a list of manufacturers) to the 
special procedures required for cell research. The 
book is more than a laboratory manual, for it contains 
well-considered accounts of developments in cell 
research and a valuable store of references. The 
only suggestion to be made is that future editions 
might include a section on the use of isotopic meta- 
bolites in tissue culture investigations. 
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The reviewer does not wish to leave the impression 
that the cultivation of cells is now an easy matter 
and that there are no pitfalls. The newcomer to the 
technique would be well advised to get some practical 
experience in an established laboratory. As Dr. Paul 
explains, his book is based to a certain extent on the 
instruction material of the Tissue Culture Association 
Summer School, which has in recent years provided 
a basic training for a few hundred individuals in the 
United States. There is, as yet, no comparable 
scheme in Europe. I. LESLIE 


MEASUREMENT OF VALUES 


The Measurement of Values 

By L. L. Thurstone. Pp. viii+322. (Chicago: 
University of Chicago Press; London: Cambridge 
University Press, 1959.) 56s. 6d. net. 


ROF. THURSTONE, prior to his death in 

September 1955, was the world’s greatest living 
psychometrist. Psychologists, ever since leaving the 
philosophical fold, regarded the topic of values as out 
of bounds. Most philosophers would probably be 
horrified at the idea of ‘measuring’ values. In recent 
years, however, many scientists have realized that the 
concept of values is essential to science and that the 
greatest problem of the modern world is how to bridge 
the gap between technical knowledge and skill on 
one hand and knowledge of humanistic values on 
the other. Some, however, regard the problem as 
insoluble or meaningless, forgetting that absolute 
laws are found neither in science nor in humanism. 
During the last thirty years of his life Thurstone 
developed scientific methods which bid fair to bring 
social, moral and xsthetic values within the realm 
of experimental psychology. He has ignored those 
interminable logical arguments concerning values. 

Human values are essentially subjective. It was 
therefore necessary to establish a subjective metric, 
and a subjective unit of measurement which must 
satisfy the logical requirements of measurement as 
distinct from rank order. This objective was reached 
by Thurstone by means of his law of comparative 
judgement which dates from 1927. Weber’s law is 
concerned solely with physical measurements. On 
the other hand, Fechner’s law states the logarithmic 
relation between the subjective continuum and the 
physical stimulus continuum. But Thurstone’s law 
of comparative judgement is completely independent 
of any physical stimulus magnitudes. It involves a 
new concept in psychophysics, namely, the discriminal 
error. 

The book has a preface by his widow, Mrs. Thelma 
Gwinn Thurstone, herself a psychologist. There is a 
selection of twenty-seven papers which have appeared 
in various journals. 

Part I of the book is an essay on “‘Psychology as a 
Quantitative Rational Science’’ where psychological 
concepts and strict mathematical formulation are 
emphasized. Part II deals with “Subjective Measure- 
ment”. Part III with ‘Attitude Measurement’. 
Thurstone and his students were pioneers in researches 
on attitudes which are well known to psychologists 
everywhere. They include such topics as prohibition, 
militarism—pacifism, and motion pictures. 

In the study of social attitudes the cognitive and 
the affective appraisals may be entirely independent. 
For example, a group of people might dislike 
democracy but an examination might show that they 
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did not know what they were talking about. It is 
here pertinent to mention the views of the late Prof. 
Flugel in his classic work on ‘Man, Morals and 
Society” (Chapters 1 and 16, 1948) where the tend. 
ency to change from orectic (moral) judgment to 
cognitive (psychological) judgement is one of the 
marks of moral progress. It is true that the late Prof. 
Reichenbach, the logical empiricist, in his ‘Modern 
Philosophy of Science” (1959) held that only a non. 
cognitive theory of ethics supplies an adequate 
explication of ethical utterances. Prof. Flugel, how. 
ever, did not hold that orexis is supplanted by cogni- 
tion. Orexis still in the last resort supplies the goal 


at which we aim; cognition only guides us 
concerning the steps we must take to achieve that 
goal. 


It only remains to add that Prof. Thurstone’s book 
will long remain essential for all students of values. 
Li. Wynn JONES 


CACTI 


Die Cactaceae 
Handbuch der Kakteenkunde. Von Curt Backeberg. 

Band 1: Einleitung und Beschreibung der Peires. | 
kioideae und Opuntioideae. Pp. xvi+638+35° 
tafeln. 74 DM. Band 2: Cereoideae (Hylocereeac— | 
Cereeae (Austrocereinae)). Pp. xvii-xxiv + 639- | 
1360+72 tafeln. 87 DM. (Jena: Gustav Fischer | 
Verlag, 1958 and 1959.) ( 


HE first two volumes of this new ‘handbook’ tof 

the Cactaceae provide a taxonomic treatment of | 
the entire subfamilies Peireskioideae and Opuntioideae © 
and reach the end of the ‘subtribe’ Austrocereinae | 
of the ‘semitribe’ Austrocereae of the tribe Cereae, t 
within the third and last subfamily Cereoideae. In_ 
the opening key to the higher categories of the’ 
family the author recognizes a total of 220 genera, as 
contrasted with the 124 genera of Britton and Rose’s| 
comprehensive ‘‘Cactaceae” (1919-23) and the 41/ 
genera of Alwin Berger’s handbook to cultivated” 
species, ““Kakteen’’ (1929), in which Rhipsalis, Cereus’ 
and Echinocactus were treated in a broad sense with | 
a large number of subgenera. 

Botanical exploration in South America, especially 
in Peru, eastern Bolivia and north-eastern Brazil, 
has yielded many new species to add to Britton and} 
Rose’s work, and it is good to have a new treatment 
with keys, descriptions and copious illustrations, |) 
some of them coloured. Herr Backeberg has 57 species 
of Tephrocactus, 213 of Opuntia, 60 of Rhipsalis. The” 
elaborate system of categories in his classification of) 
genera will not please everyone: we are given, in| 
descending order, Unterfamilie, Tribus, Semitribus,} 
Subtribus, Sippe, Untersippe, Gattung, Untergattung, 
Sektion and Untersektion. 

The first volume begins with introductory chapters 
on the history of the Cactaceae in art and literature, 
on their uses by native tribes or in medical science, on 
classification, and on the maintenance of living col- 
lections. In discussing cultivation, methods of graft- 
ing, etc., the author does not descend to the level of 
the small amateur grower, flat-dweller or floral 
decorator, but keeps strictly to the botanical and 
horticultural point of view. This vast work, misnamed 
‘Handbuch’, may well be open, like all big revisions, 
to much taxonomic criticism and, if only for that 
reason, will be indispensable to all serious students 
of Cactaceae. N. Y. Sanpwita 
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The Threshold of Space 


The Proceedings of the Conference on Chemical 
Aeronomy, sponsored by the Geophysics Research 
Directorate, Air Force Cambridge Research Center, 
Air Research and Development Command, Cam- 
bridge, Mass., 25-28 June 1956. Edited by M. Zeli- 
koff. Pp. xi+342. (London and New York: Per- 
gamon Press, 1957.) 105s. 


MORE specific short title for this volume of 

papers on chemical aeronomy would be helpful. 
The particular threshold of space is that of atmos- 
pheric photochemistry and spectroscopy. While most 
of the papers are concerned with theoretical and 
laboratory researches, important experiments using 
high-altitude rockets, and some descriptions of 
phenomena produced by hypersonic flight, are also 
included. 

The book as a whole has both the shortcomings 
and the merits perhaps inevitable in a collection of 
individual papers. There is a lack of coherence and 
the assumption of an extensive background know- 
ledge by the reader. However, the papers themselves, 
mostly by workers leading the field, are generally of 
a high standard. Those dealing with theoretical and 
laboratory studies of photochemistry and spectro- 
scopy related to the atmosphere of the earth, and 
of Venus, lead to accounts of rocket probing in the 
upper atmosphere. Some of these papers relate to 
work such as the investigation of far ultra-violet 
radiation in the night sky, and the seeding of the 
upper atmosphere by sodium and nitric oxide which 
may well have heralded the opening of new branches 
of old disciplines. 

There is no doubt that both the problems and the 
experimental tools of hypersonic flight research will 
stimulate and facilitate further understanding of the 
physics and chemistry of the atmosphere. The intro- 
duction of these aspects to the Conference proceed- 
ings is welcome. Each paper is followed by a short 
verbatim discussion and a useful bibliography. 
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The Insect Pests of Cotton in Tropical Africa 

By E. O. Pearson, assisted by R. C. Maxwell Darling. 
Pp. x +355+8 plates. (London: Empire Cotton 
Growing Corporation and the Commonwealth Insti- 
tute of Entomology, 1958.) 40s. 


HIS book sets out to provide a vade-mecum 

for the study of the cotton pests of Africa, and 
is written both for ‘“‘those concerned with the welfare 
of the cotton crop who are not entomologists” and 
The main text occupies 
a little more than 300 pages of which the first fifty 
contain a succinct account of the cotton plant, 
Gossypium, its African environment, history, distribu- 
tion and pests. This section ends with an invaluable 
field key by means of which observed damage to the 
crop can be ascribed to its most likely cause, whether 
it be a fungus, an invertebrate or even ‘big game’. 
The rest of the book is devoted to comprehensive 
and critical accounts of specific pests which are 
grouped primarily by order, then, where convenient, 
by the parts of the host plant which they most 
usually attack. This discussion is exhaustive yet 
always terse and gains much from the frequent and 
extended references to features of the environment 
relevant to the entomological data under discussion. 
The authors do not hesitate to look outside Africa 
when they feel it will throw additional light on their 
subject and occasionally topics are treated almost in 
world-wide review. The result is a satisfactory 
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summary of current knowledge as well as a record 
of the authors’ life-long personal experience. 

The book is well illustrated and indexed and is 
gratifyingly free from errors. It may perhaps be 
worth noting that Empoasca lybica (de Bergevin) 
is not confined to Africa, as stated, but has been 
found also in Palestine, Arabia and in the Aden Pro- 
tectorate, in the last of which it was reported on 
cotton. A further natural enemy of Empoasca facialis 
Jacobi may also be added to those listed in the book, 
since there is in the British Museum (Natural History) 
collection a specimen of this leafhopper, from Serere, 
Uganda, which has been parasitized by a species of 
Dryinid. W. E. CHIna 


Parasitic Animals 
By Dr. Geoffrey Lapage. Pp. xxiii+355. Second 
edition. (Cambridge: W. Heffer and Sons, Ltd., 
1958.) 25s. net. 

HE publication of the second edition of ‘‘Para- 

sitic Animals”’ will be welcomed by many people, 
particularly those concerned with the teaching of 
parasitology. Dr. Lapage’s treatment of his subject 
makes the book very readable and provides good 
background material for students. It is, however, to 
be regretted that the author has not taken this 
opportunity to correct some of the errors of fact and 
to clarify some of the possibly misleading statements 
which appeared in the earlier edition. I refer, in 
particular, to the perpetuation of such statements as 
that on p. 107 that the male gametes of Plasmodium 
are “each about 15-20 mm. long’’ and that on p. 109 
that the gametocytes of the same parasite ‘‘pass back 
from the mosquito to man . . . they also enter man 
through the sucking tube and enter it passively, 
being unable to effect entry by their own efforts”. 
On p. 91 a slight alteration has been made to the 
original text but the inference to be drawn from the 
passage is still the same, that adult Taenia solium 
can normally develop in the intestine of the pig. 
Reference might be made to several other points, 
but no doubt the observant reader will find these 
for himself. The only major difference between the 
two editions is the inclusion in the second of a list 
of literature for further reading. This is a useful 
addition, but it is disappointing to find that Baer’s 
“Ecology of Animal Parasites”, surely the most 
important book on the subject, has been omitted. 

C. A. WRIGHT 


Fundamentals of Papermaking Fibres 
Transactions of the Symposium held at Cambridge, 
September 1957. Edited by Francis Bolam. Pp. 
x+487. (Kenley, Surrey : Technical Section, British 
Paper and Board Makers’ Association, Inc., 1958.) 
75s. 

HE salient features of this Symposium were 

summarized in Nature, 180, 1175 (1957). The 
18 papers presented have now been published in 
book form, complete with illustrations, references 
and reports of the discussions. The foreword quotes 
the view of Dr. Otto Maas expressed in his concluding 
remarks at the Symposium, namely, that it had been 
a landmark in the science of paper making and had 
set a new standard for conferences in this field. 
It is obvious that this book is indispensable to those 
directly interested in the subject. Workers in allied 
fields, however, will also find in it much that is of 
great use and interest. The inclusion of a subject 
index would have increased the value of the book for 
reference purposes. JULIUS GRANT 
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CYTOPLASMIC 


MALL working conferences between European 

scientists particularly interested in genetics have 
been arranged from time to time, with the aid of 
grants from the Rockefeller Foundation to a small 
committee, composed of Profs. M. Westergaard, 
G. Pontecorvo, B. Ephrussi and D. G. Catcheside. 
The fourth of these was organized by Prof. B. Ephrussi 
and held at Gif-sur-Yvette during April 3-7, 1958*. 
On this occasion, a grant from the National Science 
Foundation made it possible to include five American 
geneticists, leaders in the study of cytoplasmic 
inheritance. We are grateful indeed to these Founda- 
tions for the generosity which made possible such a 
successful and stimulating Conference. 

Aspects of cytoplasmic inheritance, especially in 
relation to development and differentiation, have 
been considered at two other recent conferences, one 
at the Royal Society! and the other at Gatlinburg?. 
A considerable amount of the material considered at 
the Gif Conference has been covered in these and 
other publications. 

There are many examples of heredity which may 
be regarded as cytoplasmic or, more strictly, as 
extrachromosomal in determination, having regard to 
the possibility of there being intranuclear heredity 
which is not chromosomal. Nevertheless, some 
expressed doubt as to whether any cytoplasmic 
heredity exists. However, Dr. R. Sager, referring to 
the use of cytoplasmic male sterility in hybrid seed 
production, asserted that American geneticists had 
made a unique contribution to the solution of this 
problem. Not only does cytoplasmic inheritance 
exist, but also it is commercially profitable and has 
been patented. 

Nevertheless, despite strong circumstantial evid- 
ence, the existence of chemical substances (plasma- 
genes), persisting permanently in normal cytoplasm 
in the same way that genes persist in the nucleus, 
has never been validated. Indubitably, there is 
plenty of morphological diversity in the cytoplasm, 
as has been disclosed by electron microscopy. Indeed, 
Drs. W. Bernhard and H. K. Mitchell were able to 


* The Conference was organized in seven sessions, following a general 
introduction by Prof. Ephrussi. 

1) Phenomena of Integration of Particles of Probably Extraneous 
Origin: F. Jacob and E. Wollman on “Lysogeny and Zygotic Induc- 
tion”, Ph. L’Heritier on “Carbon Dioxide Sensitivity in Drosophila’, 
D. Lewis on “Lysis in the Fungus Coprinus lagopus’’, G. Magni on 
“Sex Ratio in Drosophila”, ‘A. Ohanessian on “Genic Control of the 
Drosophila Virus”, T. M. Sonneborn on ‘“‘Kappa and Paramecin’’. 

(2) Normal Cytoplasmic Components endowed with Genetic Con- 
tinuity : R. Sager on ‘“‘Extrachromosomal Heredity in Green Plants” 
W. Bernhard on “Fine Structure of Cytoplasm’’. 

(3) General discussion of preceding subjects: H. S. Sharpe on 
“Closed and Open Systems of Extranuclear Inheritancein Aspergillus’, 
H. Laven on “Interracial (Geographical) Crosses in Culex pipiens’’. 

(4) Cytoplasmic and Environmental Effects on Nuclear Information : 
D. L. Nanney on “‘Mating Types in Protozoa”, e Rizet and D. Marcou 
on “Barrage and Senescence in Podospora”’, . Sermonti on ‘“‘Cyto- 

plasmic Inheritance in Penicillium’’, A. M. Srb on “Effects of Mutant 
and Normal Cytoplasms on Neurospora Phenotypes”, J. A. Roper on 
“‘Acriflavine-induced Cytoplasmic Variants of Aspergillus”. 

(5) Flux Equilibria: J. Monod on aa Permeation Factors 
and Cellular Memory in Escherichia coli’, G. H. Beale on “‘Antigenic 
Types in Paramecium’. ‘ 

(6) Extrachromosomal Factors in the Synthesis of Respiratory 
Enzymes: 8B. Ephrussi on “Respiratory Deficiency in Yeast’’, 
P. Slonimski on “Determination of Specificities of Respiratory En- 
zymes”, H. K. Mitchell on “Biochemical and Genetic Aspects of Poky 
Neurospora’, A. B. Pardee on “Genotypic Change and the Rate of 
Enzyme Induction”’. 

(7) General discussion : 
ference”. 

Other participants were M. Westergaard, J. Scheucroun, G. Ponte- 
corvo, N. Plus, D. G. Catcheside and G. Brun. 


T. M. Sonneborn “‘Summary of the Con- 
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point to correlations between altered function and 
altered morphology. 

The criteria and the experimental means for the 
detection of extrachromosomal heredity received very 
careful consideration. Formally, nuclear genes and 
plasmagenes are readily distinguishable, because in 
sexual reproduction nuclear genes follow precise 
segregational patterns based upon chromosomal 
mechanics while cytoplasmic genes do not. The 
criteria of cytoplasmic heredity discussed, several or 
most of which have been shown to hold in many 
individual instances, include : vegetative persistence ; 


sudden changes in the trait (including reversibility) ; | 
absence of segregation at meiosis (therefore cannot | 


be mapped on chromosomes) ; cytoplasmic spread or © 


infection ; maternal transmission only or mainly ; 


absence of relevant gene differences ; diverse charac. | 


ters observed with the same nuclear genotype ; 
character inducible by environmental agents; and 
selection effective during vegetative reproduction. 


Nevertheless, these criteria are not sufficient means | 


of recognizing cytoplasmic inheritance, sensu stricto, 
since many situations can generate this complex of 
symptoms. 

Among the numerous cases of supposed extra- 


ee 


chromosomal inheritance there are some for which | 
there is good evidence for extrachromosomal genetic | 
information. First among these and the most obvious | 


are those in which microscopically visible structures | 


in the cytoplasm are associated with the characters. | 


The chloroplast, together with the proplastid where 
there is a developmental sequence from the latter to 
the former, belongs here for one main reason. When 


it is lost from a cell it cannot be reformed by the | 


depleted cell. It appears to be essential to have one 


in a cell before more can be formed. This has been | 


shown most elegantly by Deken-Grenson and Messin‘. 


A Euglena cell, descended from one treated with | 


streptomycin to destroy its chloroplasts, can form 
new chloroplasts only if it still possesses at least one 
of these elements. These experiments implicate the 
chloroplasts quite directly as possessing some informa- 
tion vital to their own reproduction. 

There is also evidence of mutability on the part of 
the chloroplasts, such as is provided by the differences 
shown in Renner’s classical experiments. However, 
the question is still unsettled as to whether it is the 
chloroplast or some other non-chromosomal com- 
ponent which is responsible*. The kinetosomes and 
centrioles may likewise be classed here, though the 
evidence is less decisive. The kappa, pi, mu and 
similar particles, rich in deoxyribonucleic acid, found 
in Ciliates, as well as other intracellular symbionts, 
are further examples, though these bodies are not 
normal to all or indeed to very many cells. 

Secondly, there is a considerable group of cases 
for which the evidence points to extrachromosomal 
sources of genetic information, but for which there 
are no microscopically visible structures in the cyto- 
plasm which show correlated behaviour. The determ- 
inant of streptomycin resistance in Chlamydomonas‘ 
is a clear case. The commercially important self 
sterilities in maize appear to belong here, as also do 
the plasmon traits studied particularly by German 
geneticists‘. Srb* has described an interesting case 
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in Veurospora which could belong here. A character 
SG (manifested as slow initial growth) appeared in 
N. crassa following acriflavine treatment and was 
inherited maternally. By repeated backcrossing, 
nuclei of other species could be introduced into SG 
cytoplasm and it was shown that a gene expressed 
as aconidiate in N. sitophila was expressed as conidiate 
in SG cytoplasm. Formally, one may describe this 
as a cytoplasmic suppressor of a nuclear gene, just 
the converse of the genic suppressor of poky in 
Neurospora’. The impressive feature is the prolonged 
propagation of the cytoplasmic factor unchanged, 
whether or not it has this particular expression. Also 
included here may be the general ‘pattern of organ- 
ization’, by which the information given by the 
nucleus to the cytoplasm is marshalled. The cyto- 
plasmic reproduction of enzyme specificity may be 
an aspect of this. 

The petite mutants in the yeast® and the poky ones 
in Neurospora® surely belong to one of the above two 
groups, indeed to the first if mitochondria are impli- 
cated. It is interesting to note that electron micro- 
scopy of poky Neurospora shows slightly abnormal 
mitochondria in conidia, and grossly altered mito- 
chondrial material in the hyph:. 

Thirdly, the transmission of virus or provirus is the 
mechanism in another group in which the inheritance 


can be traced to a particle by various means. The 
situation in lysogenic bacteria forms a model. As 


Jacob and Wollman’® have shown, prophage in 
E. coli is closely integrated with the bacterial chromo- 
some, though it is not a part of its linear structure. 
The presence of prophage does not alter the genetic 
distance between markers in its region of integration, 
despite that it covers a considerable part, about one- 
fiftieth, of the map. The phage is perhaps synapsed 
with the bacterial chromosome, but its material is not 
identical with the genetic material of the bacterium, 
for neither can add to the other. There are various 
ways in which a system with or without a virus or 
provirus could exhibit apparent extrachromosomal 
heredity. 

The virus and provirus scheme applies very well to 
the case of sensitivity to carbon dioxide in Droso- 
phila'. The resistant flies, free of o virus, seem equi- 
valent to non-lysogenic bacteria. The non-stabilized 
s condition, which is not transmitted by males, would 
be equivalent to infected bacteria. The stabilized 
condition, in which males may transmit o virus 
to offspring to give the unstabilized condition, would 
be equivalent to lysogenic bacteria, with the virus 
integrated, perhaps to a chromosome. Fourthly, the 
9 condition, in which sensitivity develops with ageing, 
but only in a proportion of the flies, would correspond 
to defective virus. The stabilized p condition would 
be equivalent to defectively lysogenic bacteria. 

It therefore appears that elements exerting a 
hereditary influence may be present alternatively in 
the nucleus, associated with a particular part of the 
chromosome, or free in the cytoplasm. That the 
elements known to behave in this way happen to be 
pathiogical could simply be a consequence of the 
presence and action of normal ones being undetect- 
able. Cellular differentiation and consequent cyto- 
plasmic inheritance in cell lines could be due to 
controlled movement, between nucleus and cyto- 
plasm, of controlling elements. Indeed the liaison 
between nucleus and cytoplasm seems to require a 
system of directors, messengers and executives. 

In a further class of cases, the genetic information 
isin the nucleus, but the different states of the cyto- 
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plasm act epistatically. Here may be placed the 
permease system induced in Escherichia coli by 
thiomethylgalactoside"’, the serotypes and the mating 
types of Paramecium'*. The complete range of 
potentiality in the case of the Paramecium characters 
is determined by the nucleus. The individual charac- 
ters, as is particularly clear in the case of the serotypes, 
depend for their specificity upon the genes themselves. 
Extrachromosomal factors intervene only in determ- 
ining which of the possibilities is expressed in a given 
cell. The particular expression in a cell determines, 
subject to revolutions caused by environmental 
changes, what shall be expressed in its descendants. 
This epistasis is cytoplasmic in the case of the sero- 
types. In the case of the mating types it is primarily 
in the macronucleus, but secondarily there is trans- 
mission through the cytoplasm in Paramecium aurelia 
of group B'. The cytoplasm of a differentiated cell 
directs the differentiation of an undifferentiated 
nucleus put into it. In Escherichia, competence to 
respond to the inducer is dependent upon the nuclear 
genotype. Thus, in both Paramecium and Escherichia 
the extrachromosomal control overlies the chromo- 
somal. Whether it has the conditional perm- 
anence of a steady-state system, or some other 
relatively impermanent feature of cytoplasmic 
architecture, or the permanence of a plasmagene, is 
unknown. 

Many cases of apparently extrachromosomal inherit- 
ance cannot yet be classified with the least certainty 
with respect to probable mechanism. A few appear 
likely to be nuclear determined and to involve super- 
imposed controls, namely, lysis in Coprinus lagopus 
(Lewis, D., unpublished work), certain slowly growing 
mutants in Penicillium (Sermonti, P., unpublished 
work), and the mycelial modifications induced in 
Aspergillus by acriflavine!®. This leaves the barrage 
and senescence phenomena in Podospora'*, the dual 
phenomenon in Aspergillus glaucus (Sharpe'), the 
racial differences in Culex pipiens’? and the sex- 
ratio trait in various Drosophila species!*. Each of 
these permits of two or more different kinds of 
interpretation. 

To some extent, recognition or denial of the exist- 
ence of cytoplasmic inheritance depends upon one’s 
definition of heredity. Some would restrict the 
property of being hereditary to chemical elements 
which persist permanently in the cytoplasm, in the 
same way that genes persist in the nucleus. Alterna- 
tively, it may be held that any difference in trait which 
is propagated under effectively the same set of condi- 
tions through vegetative or sexual reproduction, or 
both, is a hereditary difference. The transmission of 
the special property of each to its descendants con- 
stitutes heredity. This latter view regards the 
phenomena of development and differentiation as 
involving genetic changes, generally extrachromo- 
somal, which are then maintained by a hereditary 
mechanism. 

On this view, the difference! between two cultures 
of Escherichia coli growing on 10-§ M thiomethyl 
galactoside, one of which has been primed for a short 
time with 10-3 M thiomethy] galactoside and the other 
not, is a hereditary difference. Here the thiomethyl 
galactoside in higher concentration has acted as an 
inducer of a permease, which will then bring thio- 
methyl galactoside into the cell from a weaker solution 
unable itself to initiate the induction. Such a steady- 
state system would perpetuate itself under suitable 
conditions, without involving the self replication of 
particles. However, much turns upon what is meant 
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by a particle and by self replication. There can be 
little doubt that permease is particulate and macro- 
molecular in nature. The maintenance of the steady- 
state system in a growing culture requires a continuous 
supply of inducer (or substrate) in order that more 
permease may be produced. Somehow, between them, 
and of course in the environment of the living cell of 
which they are a part, the system of inducer and 
permease holds information needed to make more 
permease, that is, to convert or mould some other 
cell product to its own image. The production of this 
other cell product is under the control of the rest of 
the cell, including the genetic information of the 
nucleus. Thus underlying the steady-state system 
in this particular case is the genetic competence of 
the lineage of cells to respond in the particular way to 
the presence of the inducer. 

The thiomethyl galactoside permease system has 
another interesting property. When the kinetics of 
induction are studied!® under conditions of con- 
tinuous culture, the degree of adaptedness in the 
culture rises linearly with time (measured as genera- 
tions) if a low concentration of thiomethyl] galactoside, 
just able to cause induction, is used. In such a culture, 
a proportion of the cells is fully induced or adapted, 
the remainder being quite unadapted. There are no 
intermediates, or rather the state of intermediacy is 
too transient to detect. Once some permease has been 
formed in a cell, a full complement of it is rapidly 
acquired, presumably according to a logistic curve. 
Thus the stable states are discontinuous. 

Such a steady-state system has some of the attri- 
butes of genetic material, but may be thought to differ 
from genes and plasmagenes in certain essentials. 
Especially it is inherited only so long as it is expressed. 
Secondly, if lost it can be regenerated by a simple 
manipulation of the environment, provided the 
genetic basis is still present in the nucleus. 

The contrary view is that heredity is dependent 
upon certain homeostatic material and that various 
different expressions of it, no matter how persistent, 
do not differ in a truly hereditary manner. Nanney*® 
distinguishes these two aspects as ‘genetic’ and para- 
genetic or ‘epigenetic’. As it was believed that para- 
genetic is etymologically unsound, ‘epigenetic’ was 
suggested, although this word is used for embryolo- 
gical theory and may be unacceptable for that reason. 
Indeed, Lederberg? avoids the difficulty by going to 
the extreme and speaking of ‘nucleic’ and ‘epinucleic’. 
Nucleic information is defined as that depending 
upon the sequence of nucleotides in a nucleic acid, 
while epinucleic information is expressed as an aspect 
of nucleic acid configuration other than nucleotide 
sequence er in associated materials, such as poly- 
peptides or polyamines. It may also reside in mole- 
cules or reaction cycles not directly connected with 
nucleic acid. 

Whether this particular differentiation between the 
two levels of genetic information will stand the test 
of time, it is clear that the distinction is not only 
provocative but also the crystallization of ideas 
towards which many have struggled. No other 
biological system, short of the whole organism, 
approaches the properties of nucleic acid in convey- 
ing information, or equally justifies the supposition 
that it carries the bulk of germinal genetic informa- 
tion. A minor part of the genetic information, the 
plasmagenes, is presumably extranuclear nucleic 
acid. Likewise, the functionally active ribonucleic 


acid in the cytoplasm may carry nucleic information. 
Equally, if nucleic acid conserves genetic information, 
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it is difficult to see how cellular differentiation could 
be determined by systematic gene mutation, that is 
to say, by systematic alteration of nucleotide 
sequences. 

The epinucleic spheres of action may be extra- 
nuclear, like the steady-state systems, or nuclear, 
and even involve the chromosomes. There is now 
strong circumstantial evidence of differentiation 
occurring in nuclei, so that the nuclei of different 
tissues come to have different heritable potential- 
ities?. This may be reflected in differences visible 
in polytene chromosomes, as in Chironomus**, as well 
as the substitution of histone for protamine in dif- 
ferent nuclei, but the differences could also reside in 
nucleoli. The local variations in behaviour of the 
chromosomes may sometimes be seen as intense 
deoxyribonucleic acid metabolism at certain regions®, 
This kind of intranuclear differentiation appears to 
be the basic step in the expression of mating types in 
Paramecium. Such changes could be stochastic, but 
it seems likely they are directed in some way not, as 
yet, understood. The interesting occurrence of 
paramutation** at the R locus in maize and the 
controlling elements described by McClintock*® seem 
to offer models of particular systems, as also does 
lysogeny. 

In considering cytoplasmic inheritance sensu stricto, 
we are therefore faced with the problem of dis- 
tinguishing hypothetical extranuclear nucleic material 
from extranuclear and intranuclear epinucleic pheno- 
mena. It must be conceded that completely sufficient 
criteria for achieving this have not yet been recog- 
nized. It cannot yet be said whether there are 
macromolecules which persist permanently in the 
cytoplasm in the same sense as genes persist in the 
nucleus. Chloroplasts and mitochondria are candidates 


only in the same sense that the nucleus as a whole is | 


nucleic information. The critical point would be 
reached if the physical bases of non-chromosoma, 
hereditary systems, possibly nucleic or epinucleicl 
could be identified. In any event, whether or not we 
speak of epinucleic phenomena as constituting hered- 
ity, clearly they can determine the inheritance of a 


particular character through a considerable lineage | i’. 
~ § of ther 


of cells. 

A complete understanding of the function of the 
cytoplasm in heredity is likely to involve an under- 
standing of the nature of gene action and replication. 
Gene replication is generally thought to be by some 
kind of template mechanism, a pre-existing structure 
organizing smaller units to form a replica of itself. 
The various modifications of this basic idea need not 
be considered here ; all would lead, theoretically, to 
the duplication of the gene material, most probably 
deoxyribonucleic acid. The heterocatalytic property 


of the gene, in directing functions elsewhere in the | 


cell, may well be through the medium of replicas 


of itself, or of translations in a chemically different | 


form, perhaps ribonucleic acid or protein or both. 
The precise activity of these will depend upon how 
they are integrated with the rest of the cell. If, as 
seems probable, they are originally filamentous, like 
the gene material of the chromosomes, their activity 
will depend upon how and where they are folded 
into the structure of the cell. In this respect they are 
likely to be influenced by the existing architecture of 
similar and associated units, as well as by the pre- 
sence or absence of regulating substances, such as 
inducers or repressors. Thus, the organization for 
expression appears likely to involve another sort of 
template or mould mechanism, an architectural plan 


3 





No 


for us 
In mc 
has si 
carrie 
ribomt 
nucleu 
direct 
alone 
buildit 
heredi 
has a | 
The 
fore, | 
inform 
mode | 
nnders 
While 
be car 
econon 
type 0! 
produc 
archite 
candid: 
states, 
presses 
functio 
view of 
in a h 
require: 
for exa 
mutual 


' Catches 
* Hollaer 


HE 
bot 


recent t 
Sat the | 
' London 
>was att 
major c 
continus 
in Augu 
level of | 
of revi 
» occurrec 

The 1 
outlining 
laborato 

Activi 
around - 
where t 
pressure 
discharg 
Energy _ 
Ware (A 
maston) 
in unde! 
discharg. 
field dist 
choice of 
to chara 








le 
ell 


che 
the 
tes 
> is 


na, 
>icl 
we 
ed- 


fal 


age 


the 
ler- 


me 
ure 
elf. 
not 
, to 
bly 
rty 


the ‘ 


ent 
oth. 
10W 


like 
vity 
ded 


e of 
pre: 
for 


t of 
plan 


id 


gene 


October 3, 1959 


for using the unit bricks produced by the genes?*, 
In more specific terms, Mitchell (unpublished work) 
has suggested that the cytoplasmic information is 
carried by the proteins and that these co-operate with 
ribonucleic acids, carrying the information from the 
nucleus, in forming ribonucleoprotein templates which 
direct the formation of enzymes. Neither system 
alone possesses all the information needed for the 
building and functioning of a cell. Both involve 
heredity, though probably the cytoplasmic system 
has a lesser degree of permanency. 

The expression of the nuclear products has, there- 
fore, been shown quite often to require extragenic 
information. Knowledge of the exact nature and 
mode of action of the latter is highly important for 
nnderstanding the functioning of the living cell. 
While it is possible that extragenic information may 
be carried in a variety of ways, it may be a more 
economical hypothesis to suppose that it lies in one 
type of material capable of interacting directly with 
products from the nucleus. In this respect, protein 
architecture in all its variety seems a more plausible 
candidate than does a system of alternative steady 
states, such that the functional one in the cell sup- 
presses the action of all genes having alternative 
functions. The latter encounters severe difficulties in 
view of the great variety of specific inhibitions, acting 
in a huge range of combinations, that would be 
required. This is the major obstacle to interpreting, 
for example, the serotypes of Paramecium aurelia as 
mutually suppressive systems of steady states. 

D. G. CaTCHESIDE 
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THERMONUCLEAR RESEARCH IN GREAT BRITAIN 


HE present state of the research programme, 
both theoretical and experimental, on the subject 
of thermonuclear fusion was the main topic at a 
recent two-day meeting of the Physical Society held 


_at the Imperial College of Science and Technology, 
-London, during September 17-18. 


The conference 
'was attended by representatives from most of the 
major centres in Britain, and formed an interesting 
continuation of the meeting of wider scope at Uppsala 
in August. It is an indication of the present high 
level of activity in this work that, with the exception 
of review papers, little duplication of material 
/ occurred. 

The main session was devoted to contributions 
outlining the research programmes at the various 
laboratories, universities and research institutions. 

Activity in Great Britain has largely centred 
around the toroidal pinch devices Zeta and Sceptre, 
where the discharge is confined by the magnetic 
pressure produced by the toroidal current in the 
discharge itself. Papers by M. G. Rushbridge (Atomic 
Energy Research Establishment, Harwell) and A. A. 
Ware (Associated Electrical Industries, Ltd., Alder- 
maston) showed that steady progress is being made 
in understanding the complexities of this type of 
discharge. In Zeta, experiments on the magnetic 
field distributions in the torus have led to a suitable 
choice of dimensionless parameters which can be used 
to characterize the discharge and compare it with 





various models. In Sceptre, much effort has been put 
into the measurement of ion- and electron-tempera- 
tures by spectroscopic means, and the electron tem- 
perature at 2-3 x 10° ° K. has now been checked in 
several ways. Similar magnetic field distributions to 
Zeta are obtained, in which the magnetic field lines 
within the plasma are helices of constant ‘wave- 
length’ around the torus and the mutual phase rela- 
tionship of which is the same at all points. This has 
led to a tentative explanation of the results in terms 
of the kind of helical instability found in some 
American experiments on large-size linear discharges. 
The energy balance in these discharges is also being 
examined as part of a search for an explanation of 
the low electron temperature, but the energy losses 
have not yet been completely accounted for. 

The work of the group at the Atomic Weapons 
Research Establishment, Aldermaston, described by 
K. W. Allen, is in an interesting state of develop- 
ment. The original very fast linear pinch-work which 
was pioneered at the Establishment is now being 
supplemented by an apparatus similar to the American 
Scylla at Los Alamos, which also requires a condenser 
bank of very low inductance. In these experiments 
a circumferential electric current is induced in a 
cylindrical plasma and causes rapid compression. 
G. B. F. Niblett showed some very clear streak 
photographs of an end-view of this compression in 
which it is seen to be quite a complex process with 
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photographic 
niques. The use of 
metal liners to reduce 
the effect of impur.’ 
ities has been tried 
with some success. 
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marked differences between the phenomena in the 
first and second half-cycles (Fig. 1). The differences 
are ascribed to the presence of magnetic fields retained 
within the plasma. Neutrons are emitted, as in 
Scylla, in the second half-cycle of the discharge and 
the origin of these is being studied. 

A further interesting possibility was mentioned 
which, though experimentally difficult, is now being 
actively considered. This is to fire a beam of fast- 
moving neutral atoms into the kind of magnetic 
bottle developed for DCX in America and OGRA 
in the U.S.S.R. The injection of neutral atoms 
instead of molecular ions should lead to better con- 
finement, since the former can penetrate without 
defiexion into the centre of the apparatus before being 
ionized and trapped. The technical difficulties in 
producing such a beam must be overcome, but this 
can be done as an independent problem. 

The work at the Imperial College of Science and 
Technology reported by R. Latham is based on the 
simplest form of linear discharge. In this the dis- 
advantage of electrodes is compensated for by the 
low inductance of the tube, which is essential for 
rapid compression, and by the simplicity of the geo- 
metrical arrangement which allows the discharge to 
be viewed both from the side and the end. The first 
constriction, which appears as a very narrow column 
of high-temperature plasma (Fig. 2), the subsequent 
growth of instabilities (Fig. 3) and the appearance 







Streak photograph of a discharge in deuterium with current wave-form and neutron output. 
(Atomic Weapons Research Establishment, Aldermaston) 


of magnetic mirrors’ 
along its length. L. A. 
King described work 
at the Electrical Re. 
search Association 
Laboratories, Leather. 
head, where a persist- 
ent and _— successful 
attack has been made’ 
over a period of years| 
on the thermal pro. 
perties of gases as_ 
applied to the forma-/ 
tion of cores in high.” 
eurrent electric arcs.) 


The : 


facilities at} 
Leatherhead are now 
being applied to a 
study of the high. 
current vacuum arcs 
in use in the DCX) 
machine. ; 

The three subsequent sessions are concerned) 
with diagnostic methods, theoretical problems and) 
the role and use of shock waves in thermonuclear} 
work. 4 

In the first of these, the emphasis was on time- 
resolved photography and spectroscopy, which are) 
necessary for a study of pulsed discharges of short 
duration. Singie-shot photography with Kerr cells 
and image converters has been the subject of much 
research, and exposure times of 0-1—0-2 usec. are now 
in common use. Time-resolved spectra taken at the 
Atomic Weapons Research Establishment by A. H. 
Gabriel have shown the sequence of growth and 
decay of lines in a linear discharge which is com- 
pleted in 3-4 usec. Such spectra are beginning to 
give' evidence on how near these discharges are to 
thermodynamic equilibrium. The consequences of 
lack of thermodynamic equilibrium, its effect on tem- 
perature measurements and recent developments 
in measurement technique in the range 10,000- 
50,000° K. were discussed in a review paper by 
H. Edels (University of Liverpool). 

Theoretical work on hot plasmas covers a refresh- 
ingly wide range of topics and illustrates the close 
connexion between plasma physics and astrophysics. 
It may well turn out that thermonuclear experiment- 
ing will produce ideas on phenomena in the solar 


atmosphere, for example, solar prominences and 
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Fig.2. Side view of linear discharge taken at the time of maximum constriction. (Imperial 


College of Science and Technology) 


Fig. 3. Side view of linear discharge showing the unstable plasma boundary. (Imperial 


College of Science and Technology) 


flares, and in a wider context on the generation of 
cosmic rays. This is not surprising when it is remem- 
bered that a star is a naturally occurring thermo- 
nuclear reactor, and stellar atmospheres have much 
in common with laboratory discharges. Indeed, 
astrophysicists have been studying thermonuclear 
and magneto-hydrodynamic problems for many 
years, long before these subjects became important 
in the laboratory. 

Problems common to astrophysics and discharge 
physies were discussed by Prof. V. C. A. Ferraro 
(Queen Mary College, London) in a contribution on 
current-bearing streams from the Sun, by Prof. T. G. 
Cowling (University of Leeds) on mechanical effects 
of the interaction between a plasma and a magnetic 
field, and by Prof. H. Bondi (King’s College, London) 
on ‘“Magnetostatics’’, with the emphasis on astro- 
physics. 

Among the other theoretical papers, one by W. B. 
Thompson (Atomic Energy Research Establishment, 
Harwell) contained in outline a derivation of the 
transport coefficients of ionized plasmas which 
avoided the arbitrary introduction of the Debye 
length. This was replaced by a statistical treatment 
of the. potential fluctuations, related to the theory of 
electrical noise. It is encouraging that the expressions 
previously used are in agreement with those derived 
by the new method. A paper by M. G. 
Haines (Imperial College) considered the 


wave-form of the current in a transient 
discharge. As the current decays, the 
theory predicts an inverse of the skin 
effect with the current becoming a 
maximum at the centre of the discharge, 
and even negative at the outer surface. 
This could in principle lead to the surface 
layers being violently ejected from the 
discharge. R. J. Tayler (Atomic Energy 
Research Establishment, Harwell) has ex- 
tended his stability calculations on a 
cylindrical discharge to include the effect 
of the transport coefficients. He has con- 
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sidered a cylinder of incompressible 
plasma with given combinations of 
the coefficients of electrical conduct- 
ivity and viscosity. Diagrams show- 
ing the growth-rate of the m = 0 
(sausage-like) and m = 1 (helical) 
perturbations as a function of their 
wave-length indicated the pres- 
ence of unstable regions in both 
cases. 

The last session was on shock 
waves in gases. These have 
relevance to very hot plasmas 
because of their use in heating 
the gas on one hand, and because 
of their appearance as a result of 
rapid magnetic compression on the 
other. 

In two papers, K. Dolder (Atomic 
Energy Research Establishment) 
and H. J. Pain (Imperial College) 
reported on the use of shock- 
heated argon to find values of 
the non-dimensional parameter, 
analogous to the Lundquist num- 
ber, which governs the magni- 
tude of the interaction between a plasma and a 
magnetic field. When plasma flows through the 
magnetic field of a short axial coil and interaction 
does occur, a characteristic pattern in the down- 
stream gas is observed similar to that obtained 
with an annular constriction in the shock tube. 

Measurements of electrical conductivity in shock- 
heated argon have been made by A. von Engel 
(Oxford) using the potential developed between 
two probes as the plasma moved between them in a 
transverse magnetic field. Im this case the require- 
ment of electrical neutrality lowered the conductivity 
to that associated with the ions. P. Smy (Imperial 
College) reported on electrical conductivity measure- 
ments in which an azimuthal current was induced 
in the moving plasma as it passed through axial 
magnetic field coils. The induced current was 
detected magnetically by a search coil. In this 
instance the current flows in a closed loop in the 
plasma and the electronic conductivity is appro- 
priate. In both cases the results were in good agree- 
ment with the values expected theoretically. 

A critical account of the use of shock-wave heating 
as a first stage in obtaining a thermonuclear plasma 
was presented by J. K. Wright (Atomic Weapons 
Research Establishment, Foulness). He considered 
electromagnetically driven shocks and discussed 
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Fig. 4, Streak photograph showing two colliding shock waves. The shock waves 
move vertically and time increases from left to right. (Atomic Weapons Research 


Establishment, Foulness) 
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theoretically the limits imposed by residual inductance 
and the requirement that the thickness of the shock- 
front be kept small compared with the size of the 
apparatus. After being heated by the shock wave, 
the plasma was assumed to be subjected to a further 
stage of adiabatic compression. Experiments onelectro- 
magnetically driven shocks are continuing, and an in- 
teresting streak photograph was shown of two colliding 
shock waves produced by this means (Fig. 4). Papers 
were presented by D. L. Schultz and K. C. Lapworth 
(National Physical Laboratory, Teddington) dealing 
with microwave reflectivity of shock-heated plasma 
and with temperature determination by the method 
of line reversal. The reflexion of shock waves from 
a region of high magnetic field was examined theoret- 
ically by E. J. Morgan (Engineering Laboratory, 
University of Cambridge) as a basis for future experi- 
ments. 

It is evident from both the Uppsala Conference 
and this meeting that the approach to thermonuclear 
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research has changed since the Geneva Conference a 
year ago. The emphasis has moved from a few pro. 
jects requiring large-scale equipment to many simpler 
experiments designed to clarify the basic principles 
of plasma physics. It is obvious now that in such 
matters as stability, plasma oscillations, energy-loss 
and transport processes, there is much more to he 
learnt. The lack of immediate success of the larger 
machines, therefore, though disappointing is by no 
means without its compensations. 


It will result in 


plasma physics being put on a firm basis in which 


the fully ionized gas will take its place with the 
other states of matter as leading to an accepted 
branch of physics. This is a task for the future, 
and one which can be shared by many smaller groups 
with modest resources. The outcome will undoubtedly 
lead to important developments of wide application 
both in pure science and in technology, with the 


generation of thermonuclear power as the final/ 


target. R. LatrHam 


PUGWASH INTERNATIONAL CONFERENCE OF SCIENTISTS 


STATEMENT ON BIOLOGICAL AND CHEMICAL WARFARE 


HE fifth in the series of Pugwash Conferences of 

scientists, aimed at assessing the dangers to hum- 
anity arising from developments of modern science and 
technology, met in Pugwash, Nova Scotia, during 
August 24-29, as guests of Mr. Cyrus Eaton. The 
purpose of the Conference was to assess the poten- 
tialities of chemical and biological agents as weapons, 
and to explore possible means for preventing their 
production or use in war. 

The subject of chemical and biological warfare has 
been shrouded in official secrecy. For years, large 
projects have existed in several countries with the 
stated purpose of developing means of defence against 
such weapons. We have no direct information about 
the results of these projects, but inevitably they 
increase the efficiency and destructiveness of various 
types of biological and chemical weapons, and result 
in the development of new techniques. Judging from 
the number of technical workers involved in such 
projects and the money expended, much knowledge 
related to the production and delivery of micro- 
organisms for war purposes has probably been gained. 
Moreover, unsupported statements appear which 
suggest that such weapons have enormous lethal or 
incapacitating effects against man, can destroy plants 
and animals, and have advantages under certain 
conditions of war. Recently, a concerted effort 
appears to have been made to suggest that these 
weapons are more ‘humane’ than other means of 
warfare. 

We have discussed the general nature of such 
weapons as well as the properties of the individual 
agents and their methods of delivery, and have com- 
pared them with other weapons. Our discussions 
suggest that the difficulties of establishing a stable 
and lasting peace are aggravated by the fact that all 
nations, whether or not they possess nuclear weapons, 
might produce biological and chemical weapons ; 
international tension would consequently be in- 
creased. 


Potentialities of Biological and Chemical Weapons 


Biological weapons—microbes, viruses and _ their 
toxic products—can, be delivered and dispersed in 
such a way that fatal or incapacitating diseases might 
be produced over large areas. They can be produced 


cheaply on a significant scale, even in a country the 


technological development of which is not highly 


advanced. Such weapons could be used either alone 


or together with others. The attack could be local or 


massive or could consist of individual acts of sabotage. 
The agent could be selected to cause a great many 


primary casualties, or to initiate epidemics. 


Infective agents or toxins used as biological weapons, 


would presumably have the following characteristics :_ 
(a) lethal or incapacitating when applied in small) 
(6) remain potent when stored or dis-| 
persed ; (c) the diseases they produce should not be) 
preventable by simple sanitary precautions, or by| 
(d) neither) 
the agents themselves nor the diseases they produce) 


amounts ; 


customary practices of immunization ; 


should be easily identifiable ; (e) the diseases they 


produce should not be curable by customary drugs) 


or antibiotics. Many well-known biological agents 


possess several of, or all, these attributes. The simul-) 


taneous use of two or more pathogenic organisms 
might assist the spread of infection and confuse 
diagnosis. 

Highly virulent strains of some pathogenic agents 


a 


q 





can easily be selected, as can strains of virulent 
bacteria resistant to the usual antibiotics, drugs and 
to some disinfectants. 


of which may be even more suitable for biological 
warfare than naturally occurring strains. 
Quantitative information on the infectivity and 
toxicity for man of biological agents that might be 
used as weapons is too meagre for their effects to be 
compared at all accurately with those of nuclear 
weapons. However, a surprise attack on a city might 


Recent advances in microbial? 
genetics make it possible to produce variants, some) 
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in time cause numbers of casualties approaching 
those caused by a small atomic bomb. An attack 
with an infective agent, originally meant to be 
localized, might lead to an epidemic because of 
abnormal routes of delivery, the large number of 
primary casualties, or the disorganization of public 
health. 

The meteorological and other conditions required 
for biological or chemical attacks on man are so 
exacting that the military effects will be far from 
certain. The necessary conditions for a successful 
attack might prevail only on some days and at 
limited times of the day, and would be subject to 
the errors of meteorological forecasting. The dis- 
charged material, instead of moving into and staying 
in the intended area, might recoil on the aggressor. 
Biological weapons would presumably be stabilized 
to withstand exposure to the atmosphere and so 
might remain active for long periods and ultimately 
fall anywhere. 

Attacks on economically useful animals are subject 
to many of the same limitations as attacks on man. 
The most likely use of biological warfare on animals 
would be to disrupt the economy, which could be 
done by introducing various infections that spread 
very rapidly and some of which are transmissible to 
man. 

There are also agents that could be used to destroy 
crops, but their effects are unlikely to be important 
compared with attacks on human beings and animals. 
Chemicals such as plant hormones would produce the 
quickest and perhaps the most serious results, but to 
be effective would have to be applied over great 
areas. Some infectious diseases of plants could also 
be damaging; their introduction, however, could 
adversely affect the economy of a region for a long 
time, but most of them spread too slowly to influence 
the outcome of a war. 

Chemical weapons (‘poison gas’ or other poisonous 
substances) were used in the First World War and 
several subsequent occasions. In recent years, new 
poisonous substances have been produced which are 
many times as active as the earlier agents. Means 
for their bulk production have also been improved, 
as have procedures for their dissemination over areas 
very much larger than those covered during chemical 
attacks in the First World War. The production of 
chemical warfare agents could easily be disguised as 
peace-time chemical industry, or such industry could 
be quickly converted to produce them. 

The so-called nerve gases, which are chemically 
similar to certain insecticides, are extremely potent 
and cheap, and cannot easily be countered with 
effective defensive measures. Masks and appropriate 
clothing can partially protect against them, but it is 
difficult to apply such protection to large populations ; 
and it is unlikely that nerve gas casualties could be 
treated with antidotes soon enough after an attack 
to prevent serious consequences. New types of 
hallucinating agents or of poisons that give rise to 
transient mental disorganization, without recogniz- 
able permanent injury, have been advocated as means 
Although they do not kill 
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because individuals or groups of people exposed to 
them behave unpredictably and often irresponsibly. 
The extremely high level of toxicity of new types 
of poisonous materials, as well as the means 
available for their delivery, permit their effects to 
be compared with those of certain types of atomic 
weapons. 
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Summarizing the previous paragraphs, biological 
and chemical agents clearly represent considerable 
additions to modern arsenals. Yet, we realize that 
nuclear weapons, particularly modern hydrogen 
bombs, have a destructive power several orders of 
magnitude greater than chemical or biological 
weapons. As means of immediate and certain 
destruction, these weapons cannot compare with 
hydrogen bombs. The dependence of biological 
weapons on uncontrollable factors, such as meteor- 
ological conditions, and the difficulty of confining the 
effects to the attacked territory, make them especially 
unpredictable in scope and effect. 

World-wide apprehension about biological and 
chemical weapons can be allayed only by measures 
tending to assure that they will not be produced or 
used. But, however difficult the international control 
of atomic weapons may be, the international control 
of biological and chemical weapons by any system of 
inspection seems incomparably more difficult. 

The first reason is that the specific weapons, or 
combinations of weapons, likely to be used in a 
particular instance cannot be foreseen. 

The second is that chemical or biological weapons 
can be selected and prepared in ordinary chemical 
or microbiological laboratories. The fact that no 
elaborate or large-scale facilities are needed makes it 
difficult to identify possible places of preparation for 
biological or chemical warfare. Even elaborate 
installations would resemble those normally used in 
the production of vaccines or antibiotics. It follows 
that small and large nations, whether industrially 
undeveloped or highly industrialized, might secretly 
prepare to use such weapons ; and with each added 
nation possessing such capabilities, the danger of war 
would mount. 

A third reason is that means of dispersal of chemical 
and biological agents of warfare are diverse, including 
aeroplanes, submarines and missiles, as well as 
saboteurs. Their delivery, therefore, cannot be 
prevented because it would require a ban on all 
forms of transport, civil as well as military. 

If control by inspection is so extremely difficult, 
what alternative ways are there to decrease the 
danger that chemical and biological weapons will be 
used ? It seems clear that international renunciation 
of the use of such weapons, as in the 1925 Geneva 
Protocol, cannot allay apprehension unless all nations, 
small as well as large, ratify such an agreement 
without reservation. This is the first necessary 
step. 

Secrecy is clearly essential to preparations for 
biological and chemical warfare. On one hand, it 
enables any nation planning aggression to depend 
upon the element of surprise, and upon the opponent’s 
lack of effective counter-measures taken in advance. 
On the other hand, the unknown is, of itself, a potent 
cause of human anxiety, and is even more so when 
associated with weapons of any kind. Any actual 
danger there may be will certainly be exaggerated 
wherever information about any aspect of the situa- 
tion is denied. Secrecy on the part of possible 
enemies is even more productive of anxiety, sus- 
picion and hostility, and may precipitate hostile 
reactions. Free and frank revelation of all scientific 
and technical developments is essential to a degree 
of mutual trust necessary to resolve the acute tensions 
that now plague the world. 

The most hopeful approach to international 
regulation therefore seems to comprise (a) a general 
agreement to prohibit the use of such weapons, and 
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(6) the renunciation of official secrecy and security 
controls over microbiological, toxicological, pharma- 
ceutical and chemical—biological research. 

In considering how to implement the second of the 
foregoing proposals, we note the already excellent 
effects of the Report of the U.N. Scientific Committee 
on the Biological Effects of Radiation. A comparable 
scientific committee, or a permanent U.N. Scientific 
Commission on biological and chemical modes of 
warfare, could help to dispel apprehension. A sub- 
sidiary function of either group might be to investigate 
impartially the claims by plaintiff nations that others 
had openly or surreptitiously used methods of bio- 
logical or chemical warfare against them. 

The very existence of such a Commission might in 
time arouse the conscience of the individual scientists 
of all nations, the only ultimate effective safeguard 
against violations. 

In agreement with the Third Pugwash Conference 
in Vienna, we repeat that, in the end, only the 
absolute prevention of war will preserve human life 
and civilization in the face of chemical and biological 
as well as nuclear weapons. No ban of a single type 
of weapon, no agreement that leaves the general 
threat of war in existence, can protect mankind 
sufficiently. We therefore must look forward to a 
day when the preservation of peace will transcend 
the ambitions of individual nations. 

Trust between nations cannot be established by 
proclamation, but only by experience, particularly 
by experience in co-operative work toward common 
aims. There is already an extensive interchange of 
scientific information and people in the sciences basic 
to the problems discussed in this statement. We 
must build on this. The Commission proposed to 
collect and evaluate information bearing on chemical 


OBITUARY 


Dr. B. van der Pol 


AFTER a brief illness, Dr. Balthasar van der Pol, 
a director of research in radio science, university pro- 
fessor and international Civil servant, died at his 
home in The Netherlands on October 6, at the age 
of seventy. 

Dr. van der Pol was born on January 27, 1889, at 
Utrecht, The Netherlands, where he was educated and 
obtained his degree in physics at the University of 
Utrecht in 1916. In that year he went to study 
under Prof. J. A. Fleming at University College, 
London. He proceeded to Cambridge in the following 
year, where he worked in the Cavendish Laboratory 
as a foreign research student under Sir J. J. Thomson. 
He was very interested in the Heaviside layer theory 
of the reflexion of radio waves, and carried out 
experiments designed to show that ionized air in an 
electric discharge could act as a radio wave reflector. 
He was successful in this work, and on returning to 
Holland in 1919 he was awarded his doctor of science 
degree for a thesis on “High Frequency Measure- 


ments of Glow Discharges’’, and became assistant to 
Prof. H. A. Lorentz at Teyler’s Institute, Haarlem. 

In 1922, Dr. van der Pol was appointed physicist 
in the research laboratory of the N.V. Philips works 
at Eindhoven, where he later became director of 
research in radio science. He was appointed knight 
of the Order of Oranje Nassau in 1927, for establishing 
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and microbiological warfare should serve not only to 
allay the fears of mankind that new and ever more 
horrible weapons of such types will be invented but 
also to dispel the miasma of secrecy that fosters 
international suspicion and tension, and in its place 
to extend the benevolent application of micro. 
biological and chemical knowledge for the benefit of 
all men. 

Dr. Brock CHISHOLM (Canada) 

Prof. CLAUDE E. DoLMAN (Canada) 

Prof. DonaLD KERR (Canada) 

Sir Ropert Watson-Watt (Canada) 

Dr. PREBEN von MaGnus (Denmark) 

Dr. ANDRE Lworr (France) 

Dr. PrERRE THIBAULT (France) 

Dr. M. L. Anvvsa (India) 

Academician Mrxuart M. DuBININ 

(Soviet Union) 
Prof. ALEXANDRE A. IMSHENETSKY 
(Soviet Union) 

Mr. VLADIMIR P. PAVLICHENKO (Soviet Union) 

Prof. A. A. SMORODINTSEV (Soviet Union) 

Prof. SVEN Garp (Sweden) 

Mr. F. C. BAWDEN (United Kingdom) 

Dr. Patricia J. Linpop (United Kingdom) 

Prof. GorpoN MANLEy (United Kingdom) 

Prof. JosErH Rotsiat (United Kingdom) 

Prof. M. G. P. Stoker (United Kingdom) 

Prof. H. BENTLEY Guass (United States) 

Dr. CHARLES C. Hiaerns (United States) 

Dr. Martin M. Kapian (United States) 

Prof. CHauNcEY D. LEAKE (United States) 

Prof. Hugo MuEncH (United States) 

Prof. EUGENE RABINOwITCH (United States) 

Prof. ALEXANDER Ricu (United States) 

Prof. THEODOR RosEBuURY (United States) 


the first radio-telephone communication between. the 
Netherlands and the Dutch East Indies. 
rently with his service in the Philips organization, he 
was professor of theoretical electricity in the Tech. 
nical University, Delft (1938-49) ; 
president of the temporary University founded at 
Eindhoven to replace other Netherlands universities 
in occupied territories, for which service he was 
appointed knight of the Order of the Netherlands 
Lion in 1946. 

Van der Pol was interested in a wide range of 
mathematical and physical subjects, and was the 
author of a number of papers published in scientific 
journals; these included two lectures delivered 
before the Wireless, and later Radio, Section of the 
Institution of Electrical Engineers in London on 
‘Discontinuous Phenomena in Radio Communication” 
(J. Inst. Elect. Eng., 81, 381; 1937), and ‘The 
Fundamental Principles of Frequency Modulation” 
(J. Inst. Elect. Eng., Part III, 93, 153; 1946). He 
also published a book jointly with Dr. H. Bremmer 
on ‘Operational Calculus based on the Two-sided 
Laplace Integral’? (Camb. Univ. Press, 1950). He 
was a member of both the American and London 
Mathematical Societies, of the Netherlands Royal 
Society, a founder member of the Netherlands Radio 
Society, fellow, and vice-president for 1934, of the 
Institute of Radio Engineers (N.Y.), and an honorary 
life-member of the Institute of Radio Engineers 
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(Australia). He was awarded the Medal of Honour 
of the Institute of Radio Engineers (N.Y.) in 1935 
for contributions to circuit theory ; and in 1953 the 
Danish Academy of Technical Sciences presented 
him with the Valdemar Poulsen Gold Medal for out- 
standing contributions in the field of radio research 
and for international scientific co-operation in 
matters related to radio communication. 

Dr. van der Pol became greatly interested in the 
scientific and technical aspects of international radio 
affairs and, from 1927, he was a well-known par- 
ticipant in a large number of conferences in all 
parts of the world. He was vice-president of 
the International Scientific Radio Union during 
1934-50, and was elected an honorary president in 
1952. 

He was appointed the first director of the Interna- 
tional Radio Consultative Committee in 1949, and 
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i held this position until his retirement in 1956. As 
+ the permanent executive officer of the Committee, 


he was the technical adviser to the International 
Telecommunications Union on the planning and 
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development of radio communications during the 
post-war years. Until a few weeks ago, he was 
attending the present conference of this Union in 
Geneva, representing other international scientific 
bodies on the allocation of frequencies for radio 
astronomy and space research. In later years his 
interest in mathematics developed towards the 
Heaviside calculus, to the extension of which he 
made notable additions ; he was also interested in 
the theory of numbers. Since his retirement in 1956, 
he had been an active lecturer in these subjects, 
particularly in the United States. 

Dr. van der Pol was very well liked and respected 
by the vast number of friends with whom he came 
in contact throughout the world. His qualities as a 
scientist and his administrative abilities as an inter- 
national Civil servant always received the highest 
recognition. He never spared himself in his devotion 
to the pursuit of knowledge and human _ under- 
standing on a wide international basis. He was 
happily married and leaves a widow, a son and two 
daughters. R. L. Smrru-Rose 


NEWS and VIEWS 


Nobel Prize for Medicine for 1959: Prof. S. Ochoa 


THE Nobel Prize for Medicine for 1959 has been 
divided between Prof. S. Ochoa and Prof. A. Korn- 
berg. Dr. S. Ochoa has long been regarded as one of the 
principal exponents of the highly successful enzymo- 
logical approach to the study of intermediary meta- 
bolism. His recent contributions to the mechanism 


_ of the biosynthesis of nucleic acids have been preceded 


by a succession of outstanding biochemical discoveries 


_ principally concerned with the metabolism of carb- 
_ oxylic acids and with associated phosphorylation 
» reactions. 
_ coveries was made in 1939 while he was a research 
_ worker at Oxford. He found that large quantities of 
_ inorganic phosphate are esterified when pyruvic acid 
;— is oxidized by dispersions of brain tissue. 
_ ‘oxidative’ phosphorylation is recognized as part of 


One of the most notable of these dis- 


This 


the fundamental mechanism whereby energy is made 
available from biological oxidations. With his 


_ students and colleagues at New York University, he 


has since discovered a number of important enzymes 


| which are involved in the tricarboxylic acid cycle 


and the oxidation of fatty acids. 

Dr. Ochoa’s work on nucleic acids originated from 
experiments on phosphorylation reactions in enzyme 
preparations from Azotobacter. In 1955, together with 
Dr. M. Grunberg-Manago, he reported the discovery 
of an enzyme which is able to catalyse the removal 
of the terminal phosphate group from ribonucleoside 
diphosphates accompanied by the polymerization of 
the resulting nucleoside monophosphate residues. In 
this way, a mixture of the four appropriate nucleoside 
diphosphates can be converted into a polynucleotide 
which closely resembles naturally occurring ribo- 
nucleic acid, although it is not yet understood how 
the arrangement of the nucleotides in the polymer 
iscontrolled. The discovery is notable because of the 
structural complexity of ribonucleic acid and because 
of the essential functions of this material in the 
synthesis of proteins. 


Prof. A. Kornberg 


BEFORE making their discoveries in the biosyn- 
thesis of nucleic acids, Dr. Kornberg and his colleagues 
were responsible for many important advances in 
several areas of intermediary metabolism, including 
the biosynthesis of nucleotides and nucleotide 
coenzymes. In 1956, Drs. Kornberg, Lehman, Bess- 
man and Simms. described experiments indicating 
that deoxyribonucleic acid could be synthesized by 
an enzyme system prepared from Escherichia coli. 
Further study with a purified preparation of the 
enzyme has shown that the nucleic acid is made 
from the triphosphates of the four kinds of deoxy- 
ribonucleosides and requires the presence of some 
pre-formed deoxyribonucleic acid. The detailed 
results substantiate the elegant hypothesis proposed 
by Drs. Watson and Crick in 1953. Thus, it seems 
that the double strand of the primer deoxyribonucleic 
acid becomes separated into its complementary single 
chains which then act as templates for the assembly 
of new polynucleotides and finally become two mole- 
cules having the detailed structure of the original 
double-stranded one. Within the past year, Dr. 
Kornberg and his very active group of research 
workers have reported an outstanding series of 
experiments on the synthesis of deoxyribonucleic acid 
in E. coli infected with certain bacterial viruses. 
Their experiments show that the viruses induce the 
infected bacteria to develop a number of enzymes 
which, between them, cause rapid multiplication of 
the deoxyribonucleic acid of the virus while pre- 
venting the formation of bacterial deoxyribonucleic 
acid. The great interest of these exciting develop- 
ments is that deoxyribonucleic acid is a characteristic 
component of chromosomes and is considered to act 
as the principal carrier of genetic information ; the 
sequences of the four kinds of nucleotides in the long 
polynucleotide chains are thought to determine the 
structure of the proteins and hence to control the 
hereditary properties of living cells. 
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Applied Physics at Durham: Dr. D. A. Wright 


Ir was decided recently to set up a Department of 
Applied Physics in the Faculty of Applied Science 
within the Durham Division of the University of 
Durham. This is the first ‘applied’ department in the 
Durham Division and is intended to give Durham 
students closer contacts with industry and to con- 
tribute to the training of applied scientists. The 
first professor of applied physics, Dr. D. A. Wright, 
will take up his appointment on April 1, 1960. Dr. 
Wright graduated with a first-class honours degree in 
physics at the University of Birmingham in 1932 and 
later carried out research at Birmingham for which 
he was awarded the M.Sc. In 1955 he was awarded 
the degree of D.Sc. of the same University. Since 
1934 Dr. Wright has been a member of the scientific 
staff of the research laboratories of the General 
Electric Company, Wembley, and is now head of the 
Combined Electron Physics and Solid State Physics 
Laboratory. His research groups have published 
work of high quality in the fields of thermionics 
and semi-conductors. Dr. Wright’s recent work has 
been concerned with thermo-electricity, a subject 
which may well have considerable industrial and 
commercial applications. Dr. Wright has taken an 
active interest in the Physical Society and the 
Institute of Physics. He is treasurer of the Physical 
Society and represents it on the Parliamentary and 
Scientific Committee. 


New Geophysical Observatory in Belgium 


THE magnetic observatories founded in the nine- 
teenth century near large cities are steadily having 
to be transferred to areas remote from electric trans- 
port. This happened many years ago for Kew and 
Greenwich. Now the Royal Belgian Meteorological 
Institute has had to transfer its magnetic observatory 
from Uccle, near Brussels, to Dourbes in south-east 
Belgium. The new observatory had to be sited at 
least 15 km. from present or potential electric trans- 
port, a requirement more difficult of fulfilment in 
Belgium than in the British Isles. The opportunity 
has been taken to build a truly magnificent compre- 
hensive geophysical observatory, equipped for record- 
ing the terrestrial magnetic elements, earth currents, 
atmospheric electricity, radio atmospherics, radio- 
activity in the air, seismic waves, and ionospheric 
variations. The observatory is lavishly described 
with detailed descriptions of buildings and instru- 
ments, photographs (many in colours) and archi- 
tectural plans in a recent publication of the Institute 
(Institut Royal Meteorologique de Belgique. Pub- 
lications Serie A, No. 7: Réalisation du Centre de 
Physique du Globe & Dourbes. Par Prof. E. Lahaye. 
Pp. 104. Bruxelles: Institut Royale Meteorologique 
de Belge, 1958). This publication will be studied with 
great interest, and some envy, by those responsible 
for geophysical observatories in other countries. The 
detailed building plans which it contains will be 
invaluable in designing other new observatories or in 
re-designing existing ones. 


Atmospheric Sciences Advisory Panel 


THE U.S. National Science Foundation has an- 
nounced the names of six scientists who will form 
the Foundation’s Advisory Panel on Atmospheric 
Sciences. The purpose of the Panel is to provide 


advice to the Atmospheric Sciences Programme on 
the development of a programme of basic research and 
supporting facilities, including such fields of science 
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as physics, engineering, oceanography, meteorology 


VOL. 184 


and mathematics. The Panel will consist of: Dr. 
Thomas F. Malone, director of research, Travelers 
Insurance Co., Hartford, Connecticut ; Dr. Walter 
H. Munk, professor of geophysics, University of 
California at La Jolla, La Jolla, California ; Dr. 
Walter Orr Roberts, director of the High Altitude 
Observatory, University of Colorado, Boulder, 
Colorado ; Dr. Verner E. Suomi, professor of meteor. 
ology, University of Wisconsin, Madison, Wisconsin ; 
Dr. Arthur H. Waynick, director of the Ionosphere 
Research Laboratory, Pennsylvania State University, 
University Park, Philadelphia; and Dr. E. J. 
Workman, president, New Mexico Institute of 
Mining and Technology, Socorro, New Mexico. 


U.S. Expenditure on Research and Development | 
for 1957 
A PRELIMINARY report on a survey conducted by | 
the Bureau of the Census for the National Science 
Foundation indicates that funds for research and 


development in private industry in the United States | 


in 1957 totalled 7,200 million dollars, compared with 
6,000 million dollars in 1956 (Reviews of Data on 
Research Development. No. 14. August 1959. Funds for 


Research and Development Performance in American | 


Industry, 1957. Pp. 6. Washington, D.C. : Govern. | 


ment Printing Office). 


respectively), representing increases of 21 per cent | 
and 24 per cent on 1956 figures. Motor vehicles and | 


other transport, and the machinery industries, were © 
next with 708 million dollars and 688 million dollars, | 


followed by industrial chemicals (384 million dollars), | 
petroleum refining and extraction (230 million dollars) | 
and communications (206 million dollars), the per. | 
centage increases over 1956 being 6, 22, 14, 23 and > 
16. Scientific and mechanical measuring instruments | 
increased by 30 per cent, to 126 million dollars. Of 


the total of 7,200 million dollars, 3,700 million dollars | 
came from Federal funds, which represented 85 per | 


cent of the total in the aircraft industry and 61 per 
cent in the electrical industry. Expenditure on basic 
research totalled 241 million dollars, and of. this 


52 million dollars were expended by the aircraft 
| of the 1 


industry, 38 million dollars by the electrical equip. 


ment industry, 30 million dollars by the petroleum | 
_ the Me 


' interest 


refining and extraction industry, and 29 million 
dollars by the chemical industry. The physical and 
mathematical sciences claimed 54 per cent of the 


expenditure on basic research, engineering sciences | 


36 per cent and the biological sciences about 10 per 
cent. 


The Acute Radiation Syndrome 


ACCIDENTS which result in exposure of man to 
doses of ionizing radiation in the lethal range are 
sufficiently rare to be extremely important. A report 
by the United States Atomic Energy Commission 
(Report ORINS-25 : The Acute Radiation Syndrome 
—a Medical Report on the Y-12 Accident, June 16, 
1958. Compiled by Marshall Brucer. Pp. viii + 188. 
Washington, D.C.: Office of Technical Services. 
Department of Commerce, 1959. 1 dollar), which 
follows closely to a similar one from France (Jammet, 
H., et al., “Etude de six cas d’irradiation totale aigue 
accidentelle”, Rev. Franc. d’et. Clin. et Biol., 4, 210; 
1959), therefore merits study by physicians, radio- 
biologists, health physicists, administrators and the 


The aircraft and electrical | 
equipment industries accounted for more than half | 
(2,544 million dollars and 1,170 million dollars, | 
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daily Press. It is an account of the men who were 
subjected to mixed neutrons and y-rays from an 
unanticipated critical assembly of enriched uranium, 
five to doses of some 200-400 rads, three to some 
30-60 rads. The clinical features and progress are 
compared with hzmatological findings and the dosi- 
metric estimations and calculations of the health 
physicists. Twelve sections are contributed either 
by the various physicians and scientists responsible 
for the routine handling of the cases or by special 
research workers. A final section is a complete 
appreciation by Dr. Marshall Brucer, chairman of the 
Medical Division, Oak Ridge Institute of Nuclear 
‘tudies. Dr. Brucer makes the point that initially 
the physician is on his own. The health physicist can 
at first classify those at risk only into three groups 
according to dose: low (less than 250 rads), high 
(greater than 1,000 rads) and intermediate. The first 
need no specific medical treatment, the second 
humanitarian care, but the third present problems 
requiring judgment. The symptoms (especially 
vomiting and fatigue) can help the physician initially 
to identify the three classes. The lymphocyte-count 
in peripheral blood is the next guide. Later, par- 
ticular amino-acidurias will be important, and later 
still the platelet-count of the blood. Meanwhile, the 
health physicist can have reconstructed the incident, 
assayed the body fluids for induced radioactivity 
and made a more refined assessment of the doses 
received. ‘‘A conservative rule to follow during the 
first few weeks is that there should be a plain and 
unmistakable indication for anything that is injected 
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- into the body. Probably the most important feature 
. | in treating psychological upsets is to see to it that 
' the hospital is not turned into a z00.” 


Health and Industry 


THE annual report of the Chief Inspector of Fac- 


| tories on Industrial Health for 1958 is notable for 


two special chapters, one of which deals with occupa- 


.» | tional cancer, while the other describes a study of 
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> net). 
-. | of the medical profession generally who could add to 
_ available knowledge of health hazards to report to 





tribution of recognized industrial diseases. 
Industrial Health Advisory Committee, besides con- 





_ medical supervision in 210 factories (Ministry of 
_ Labour and National Service. 


Pp. iv+61. Cmnd. 
811. London: H.M. Stationery Office, 1959. 3s. 6d. 
The report also particularly invites members 


the Medical Branch of the Inspectorate cases of 


_ interest coming to their notice in which occupational 


factors might be involved. Such information could 


assist the discovery of new industrial hazards and 


lead to a fuller assessment of the extent and dis- 
The 


sidering the report of a survey by the factory 


inspectorate on cardrooms in the cotton industry, 


designed to ascertain progress made in meeting 
exhaust ventilation requirements, appointed a sub- 
committee to collect and assess information as to 
the need for 1o0re chemical, physical and biological 
testing in factories with a view of reducing the risks 
of injury to health. Although the Work in Com- 
pressed Air Special Regulations, 1958, have not been 
in force sufficiently long to assess their effect on the 
incidence of compressed air illness, progress is 
apparently being made and often a high standard of 
welfare achieved beyond the minimum standards 
laid down. Attention is directed to the need for a 
careful watch for any health hazard from dust from 
the new ‘chromizing’ process of forming a surface 
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layer of chromium over steel articles, and of aiming 
at complete suppression of dust or fume in the 
fabrication of alloys by addition of 2 per cent of 
beryllium to copper. The chapter on occupational 
cancer gives a concise summary of existing know- 
ledge: that medical supervision in factories in- 
dicates that medical examination of work-people is 
usually regarded as the most important function of 
a works doctor; advice about factory conditions 
appear to come next; and then emergency and 
accident treatment and treatment for minor sickness. 


Study of Corrosion 


Tue fifth report of the Corrosion Committee of the 
Iron and Steel Institute appeared more than twenty 
years ago. Although no further report was published, 
the work has been carried on continuously, and the 
present sixth report which is now available deals with 
this (Iron and Steel Institute. Sixth Report of the 
Corrosion Committee. Compiled by Dr. J. C. Hudson. 
Pp. x+217. Special Report No. 66. London: Iron 
and Steel Institute, 1959. 63s.). The Committee of 
the Iron and Steel Institute ceased to function as 
such in 1946 when its work was taken over by the 
British Iron and Steel Research Association, and the 
work now pubiished was therefore carried out under 
the auspices of both organizations. This report con- 
sists of an extensive introduction in which the work 
of the Committee since 1938 is discussed as a whole. 
This is followed by two sections dealing at length 
with unreported work on atmospheric corrosion in 
air, soil and water. The final results are given of an 
extensive series of field tests on a wide variety of 
structural irons and steels carried out all over the 
world, and in some cases with an exposure time of 
up to fifteen years. Section 3 of the report deals with 
the protection of steel against highly corrosive, humid 
atmospheres at temperatures up to 300° C., while 
Section 4 is devoted to marine corrosion and includes 
the results of several service trials of painting pro- 
cedures and anti-corrosive compositions for ships’ 
hulls. There can be no doubt that the work pub- 
lished is of first-rate importance to all concerned with 
the preservation of structures, land and marine, 
against rust, and it is doubtful whether the Iron and 
Steel Institute has ever published a report of more 
far-reaching significance. 


Building Research in Britain 


THE annual report of the Building Research Board 
of the Department of Scientific and Industrial 
Research will be of interest to all who plan, design 
or construct buildings (The Report of the Building 
Research Board with the Report of the Director of 
Building Research. Pp. iv-+72+12 plates. London : 
H.M. Stationery Office, 1959. 5s. 6d. net). The 
summary of research work in hand, or recently com- 
pleted, includes topics as diverse as the development 
of large perforated bricks, design of radiation shields, 
earth pressures on tunnels, supplementary artificial 
lighting, reinforced light-weight concrete, and rubber 
concreting skips. The need for durability in buildings 
causes some investigations to extend over many 
years, and summaries of results obtained so far are a 
useful feature of the report. The building industry 
is often accused of being the least efficient branch of 
engineering, and the slowest to apply the results of 
research, although the Building Research Station 
devotes much effort to making its discoveries known. 
In order to improve the methods employed, a survey 








has been started of what information reaches con- 
tracting firms, and what is done with it at various 
levels. This investigation might well be extended 
to include architects, engineers and other research 
organizations. The inquiries and special investi- 
gations undertaken during the year reflect trends in 
the industry. Curtain walling systems were prom- 
inent, and interest is increasing in heating, heat and 
sound insulation, acoustics and lighting. The appen- 
dixes include lists of building research publications 
and of films on loan. 


Radio Research 

In the years immediately prior to the International 
Geophysical Year, routine vertical incidence radio 
soundings of the ionosphere were carried out at about 
seventy stations, and during the International Geo- 
physical Year both the number of sounding stations 
and the scope of the observing programmes were 
greatly increased. The experimental data, which such 
soundings provide, take the form of curves of equiv- 
alent height of reflexion (h’) against frequency (f), 
so-called ‘ionograms’. It has always been recognized 
that the equivalent height of reflexion of the radio 
waves is often quite different from the actual height 
of reflexion and, indeed, in the early years of radio 
sounding it was shown that, in general, the experi- 
mental h’(f) curve could not yield unambiguously the 
true height/electron density profile. Furthermore, 
the calculation of true height is itself a matter of 
some complexity, especially when proper allowance 
is made for the influence of the magnetic field of the 
Earth. Hence it is, until recent years, that iono- 
spheric workers have based their studies on para- 
meters such as the critical frequency, the equivalent 
height and the ‘M’ factor—quantities which could be 
immediately read from the ionograms. However, the 
advent of the electronic digital computer has made 
possible the large-scale conversion of h’(f) curves into 
N(h) profiles, and as part of the world-wide Inter- 
national Geophysical Year programme a number of 
organizations formulated programmes for the determ- 
ination of N(h) profiles for representative stations 
and for selected observational periods. The Radio 
Research Special Report No. 28 prepared by Dr. 
J. O. Thomas and Mr. M. D. Vickers describes in 
detail the electronic computer programme and 
method adopted as part of the British International 
Geophysical Year ionospheric programme (Depart- 
ment of Scientific and Industrial Research: The 
Conversion of Ionospheric Virtual Height—Frequency 


Curves to Electron Density—Height Profiles. Pp. 
v+48. London: H.M. Stationery Office, 1959. 
3s. 6d. net). A useful manual method for making 


these calculations is described in an appendix to the 
report and an excellent classified list of papers on 
this subject is also included. 


Natural History in the Midlands 

In connexion with the centenary celebrations of 
the Birmingham Natural History and Philosophical 
Society in 1958, Mr. K. L. Kenrick has written an 
interesting and very readable account of the records 
of the Society and the story they tell. (Pp. 52. Birm- 
ingham Natural History and Philosophical Society, 
1959.) The longest of these deals with the sixteen 


volumes of the Midland Naturalist, 1878-93, including 
brief biographical notes on leading members of the 
Society, as does the section dealing with the activities 
of the Society between the two World Wars. After the 
destruction of the Society’s rooms at Avebury House 
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on October 25, 1940, activities were suspended until 
the end of hostilities, but the Society in 1954-55 was 
once more installed in the Birmingham and Midland 
Institute, its original home, where the Society’s 
library, its Wynn entomological collection, the J. W. 
Moore collection of British butterflies and moths, a 
purchased entomological collection and the Archer- 
Overton collection of land, freshwater and marine 
shells are housed. 


Equus przewalskii 
THREE short articles by A. G. Bannikov, E. Dagva 


and D. Tzevegmid (Priroda, 5, 50; 1959) deal with © 


the Mongolian wild horse (Equus przewalskii) in its 
native habitat and in captivity. Its present habita- 
tion area is roughly delimited by 44° N. to 46° N. 
and 90° E. to 95° E., a small area situated on the 
border between Mongolia and Sinkiang. 


are rapidly being reduced. 


animals. The effects of acclimatization of the 


Mongolian wild horse and the hybrids are discussed | 
in another article by I. 8. Sles (Priroda, 5, 53; | 


1959). 


Spilogale Revised 


Vou. 117, article 5, of the Bulletin of the American 5 
New | 
York, 1959. 2 dollars) is a taxonomic revision of the | 
spotted skunks of the genus Spilogale by R. G. Van | 
assistant curator in the Department of | 
Mammals. The spotted skunks are distributed over | 
the greater part of the United States and Central © 


Museum of Natural History (pp. 229-392. 
Gelder, 


America ; they are black animals with a complex 


pattern of white markings which, although almost | 


infinite in their variations, appear to be modifications 
of a single basic pattern of stripes. 


species and six subspecies. As a result of the present 


author’s study of a long series of specimens (nearly | 


two thousand), and particularly of local populations, 


other, S. pygmaea, monotypic. The characters and 
measurements of the different subspecies are dis- 


cussed in detail and illustrated with excellent figures / 


of colour pattern and skull form. The paper con- 
cludes with a discussion of the evolutionary trends 


of the genus in size, colour pattern and skull charac- | 


ters, and a consideration of the clines that occur in 
the populations of many areas. There is a full 
bibliography. 


Female-steriie Flowers in Fuchsia 


THE production of female-sterile flowers by herma- 
phrodite plants of Fuchsia procumbens has been 
described and discussed by M. Holdsworth (Trans. 
Roy. Soc. New Zealand, 86, 105 (1959)). 
procumbens flowers annually in late summer. The 
brief flowering season begins and ends with the 
production of a proportion of imperfect flowers— 


some fall without opening, others open normally | 


but have defective styles and stigmas. Continuous 
long-day treatment extends the flowering season and 
increases the number of flowers produced throughout, 
but this is supposed not to be directly a day-length 


Recently a | 
herd of wild horses has been observed along the | 
Takhin Shara-Nuru range, but in the opinion of | 
observers, both the area and the number of individuals | 
Drastic legislation is _ 
suggested to combat the illicit hunting of these rare © 


The older | 
taxonomists regarded most of the variations as | 
distinct species so that by 1906 Howell listed fourteen | 


Fuchsia | 
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effect on flower initiation but on vegetative growth. 
Neither bud abscission nor female sterility could be 
shown to be simple day-length effects, but both 
appear to be induced primarily by low temperatures, 
in conjunction, perhaps, with long days in the case 
of abscission, and short days in the case of style 
abortion. 


Reorganization of Root Apices after Irradiation 

UNDER this title F. A. L. Clowes has described 
experiments in which roots were irradiated with 
X-rays and then fed with adenine-8-!4C at various 
intervals afterwards to observe the effect of the 
radiation on the sites of deoxyribonucleic acid syn- 
thesis and hence on the behaviour of the meristem 
(Annals of Botany, N.S., 23, 205 (1959)). Dividing 
meristem cells may be so badly damaged that they 
stop synthesizing deoxyribonucleic acid and dividing ; 
and when this occurs root growth may continue 
by the formation of a new meristem. The latter 
often originates in the quiescent centre, the cells of 
which do not normally synthesize deoxyribonucleic 
acid or divide. These apparently constitute a reser- 
voir of cells which are less vulnerable because of 
their quiescence ; but are able to restart deoxy- 
ribonucleic acid synthesis and division when the 
normally meristematic cells cease to do so. Because 
of this re-organization of the apex, Clowes considers 
that it is not legitimate to argue about the behaviour 
of normal root meristems from chimeras induced by 
irradiation. 


Palaotemperatures and the Origin of the Deep Sea 

Fauna 

A CRITICAL review of the methods of determination 
of the temperatures of ancient seas by the measure- 
ment of the oxygen isotopes ratio in fossil caleareous 
organisms is given by Y. A. Birstein (Priroda, 5, 
21; 1959). It is based partly on the work published 
in the Soviet Union and it leads to certain new ideas 
regarding the origin of the deep sea fauna. Thus 
the author of this review is casting doubt upon the 
conclusions of C. Emiliani and C. Edwards (Nature, 
171, 887; 1953), regarding the sharp changes of 
sea temperatures during the late Tertiary era, and 
also about those of A. Fr. Bruun (Nature, 177, 1105 ; 
1956) regarding the extinction of the deep sea fauna. 
According to the author all the deep oceanic regions 
must be considered to be regions of a relatively con- 
stant temperature, affording a place of refuge to many 
animal species which have eventually died out in the 
waters of a lesser depth. 


Liquation Differentiation in Magma 
A NEW contribution to one of the most controversial 
problems in petrology—liquation differentiation—was 
made by V. I. Lebedinsky (Priroda, 12, 99; 1958), 
whose original paper, which he wrote in collaboration 
, With Mo Ke-Min, was published separately (Bull. 
* Acad. Sci. U.S.S.R., Sér Géol., 12, 64; 1958). In 
these two papers the authors describe certain peculiar 
liparite lavas from the Kalgan region of Northern 
China. The lavas in question contain spherulites 
and spherulitic aggregates, made of a fibrous mineral. 
The chemical analysis of the spherulites differs from 
that of the ground-mass in which they are immersed 
by a greater amount of silica, soda and potash, and a 
lower amount of magnesia, lime and water. The 
author suggests that this rock is a solidified emulsion 
formed by the separation of the original magma into 
two immiscible liquid fractions. 
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A number of petrologists deny the possibility of 
liquation in natural magmas, although there are a 
number of experimental results published proving 
that in certain cases such a phenomenon does occur. 
Such are, for example, the papers by D. P. Grigoriev 
(1935), D. P. Grigoriev and E. V. Iskyul (1937), J. W. 
Greig (1927, 1928), O. F. Tuttle and I. I. Friedman 
(1948) and E. Roedder (1951). On the other hand, 
there are also numerous works dealing with spheru- 
litic rocks and spherulites as developed in commercial 
glasses. Beginning with the classical studies by 
A. Lagorio (1887), many petrologists were attracted 
by this subject. A number of them, like F. Y. 
Loewinson-Lessing (1884, 1905, 1935) and T. L. 
Tanton (1925), tried to prove that certain spherulitic 
rocks were indeed products of magmatic liquation. 
On the other hand, there were many petrologists, 
such as, for example, D. S. Belyankin (1933, 1949), 
who has studied both spherulitic rocks and spheru- 
litic commercial glasses, who do not believe in 
magmatic liquation, and would attribute the spheru- 
litic structure to devitrification in the solid state. 


Medicina Experimentalis 

ALTHOUGH some think there are already too many 
scientific journals—and people !—in the world, the 
birth of a new one is always an interesting event. 
Medicina Experimentalis is the name which has been 
given to the latest arrival, to be published by S. 
Karger, and to be devoted to experimental medicine 
in its widest sense (Medicina Experimentalis, 1, 
No. 1, 1959. International Journal of Experimental 
Medicine. Pp. ii+68. Six numbers per volume (two 
volumes annually). Subscription price per volume : 
56 Swiss francs. Basel and New York: S. Karger, 
1959). The foreword deplores the tendency of 
research workers “‘to shut themselves up hermetically 
in their ever narrowing specialist circles’ and states 
that the aim of the sponsors is to provide a com- 
pletely international journal which will cover the 
wide—and ever widening—fields of experimental 
physiology, pathology and therapeutics and help to 
bridge the gap between their multiplying specialities. 
Papers will be published in English, French and 
German and are to be limited to an overall length 
represented by 10,000 words. Authors will rarely be 
allowed to exceed this and will be charged for the 
excess. In return for this restriction on the verbosity 
of their clients, the editors promise to publish the 
papers submitted within three months. In these days 
of specialization and editorial congestion, these aims 
are laudable but may be rather difficult to achieve, 
and the small international conferences which have 
become so popular may be a better way of dealing 
with the frustrations of slow publication in parts of 
the world where they can be conducted successfully 
in a single language. The first number contains eight 
papers in German and one each in French and 
English. As the foreword says, the new journal will be 
what readers and authors make it. We wish it well. 


Improved Gunmetals 


THE Mond Nickel Co., Ltd., 
the production of a new alloy for gunmetal: 
85/6 -5/3/3-5/2, copper : tin : zine : lead : nickel. It is 
claimed that it has better mechanical properties at 
both atmospheric and elevated temperatures than 
85/5/5/5 gunmetal and still retains the same adapt- 
ability to the production of pressure-tight castings. 
When properly made, castings in this alloy have a 
0-1 per cent proof stress of around 8 tons/sq. in. with 


has announced 
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a maximum stress of 16-17 tons/sq. in. in sections 
up to 3 in. thick. The use of the new alloy will 
enable castings to be more effectively designed, as 
regards the use of thinner sections, and this could 
result in a saving of weight and, therefore, cost. 


New Multi-range Voltmeter 

“TAYLORMETER Model 100A’ is claimed by its 
manufacturers, Taylor Electrical Instruments, Ltd., 
to be the first multi-range meter in Great Britain 
with a sensitivity of 100,000 ohms/V. d.c. The in- 
strument is suitable for voltage measurements in 
high-resistance circuits, laboratory and research work, 
and in television and other electronic fields. It can 
be used in place of a valve voltmeter but without 
the inconvenience of zero drift, valve replacement 
and alternating-current supply connexions inherent 
in valve voltmeters. The d.c. current and voltage 
ranges are 0-2 vamp. to 10 amp. and 10 mV. to 
2,500 V. (25,000 V. by means of an external adaptor). 
The sensitivity on a.c. is 5,000 ohms/V. and the 
inaccuracies on the d.c., a.c. and ohm ranges are 2, 
3 and 5 per cent, respectively. Another new instru- 
ment in the Taylor multi-range universal meter 
series is ‘Model 127A’, which is a pocket-size meter 
with a sensitivity of 20,000 ohms/V. d.c. and 1,000 
ohms/V. a.c. It is compact and inexpensive, and 
utilizes the new rugged Taylor moving-coil centre- 
pole meter and is specially ranged to give maximum 
reading accuracy for radio and television servicing 
and maintenance of electrical equipment. A large 
seale, which is easy to read, with a 3} in. are, is 
fitted. 


Medical Electronics 

A DETAILED and well-indexed bibliography on 
medical electronics, consisting of 2,200 references, 
has been prepared by the Medical Electronics Center 
of the Rockefeiler Institute and published by the 
Professional Group on Medical Electronics, Institute 
of Radio Engineers, 1 East 79 Street, New York 21, 
New York (Bibliography on Medical Electronics. Pp. 
91. 2.50 dollars). The term ‘medical electronics’ has 
been taken to comprise applications of any of the 
branches of electronics, such as acoustics, com- 
munications, television techniques, spectrophoto- 
metry, or dielectric heating, to any problems of 
biological or medical research, therapy, public health 
and related fields. The bibliography is intended to 
serve as source material, and though a selection has 
been made from all the available material, references 
useful both to investigators trained primarily in 
physics or electronics and to those engaged in biology 
and medicine have been included. The entries are 
arranged in three sections, the main section consisting 
of references which are numbered consecutively, 
listed in numerical order, and grouped together in 
related topics; a subject index with some cross- 
referencing; and an author index from which 
anonymous and editorial matter is excluded although 
it is included in the previous sections. 


A Fossil Meteorite (?) 

WHAT may prove to be a fossil meteorite was 
discovered at a depth of 32 metres when excavating a 
mine shaft in the district of Magadan, north-eastern 
Siberia. As described by A. I. Shulzhenko (Priroda, 


5, 115; 1959) it is an iron meteorite weighing about 
15 kgm., and of a specific gravity of 7:82, and which 
on analyses proved to be composed mainly of iron, 
with 5-6} per cent nickel and 0-4-0-5 per cent carbon. 
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University News : Birmingham 

THE following appointments to lectureships have 
been made: Dr. M. E. Davies (in botany); Dr. 
C. R. Sladden (in biology in the Department of 
Zoology); D. J. Blundell (in geology); K. B. Haley 
(in engineering production); Dr. N. A. J. Rogers (in 
chemistry) ; P. W. Dykes (in medical biochemistry 
and experimental pathology in the Department of 
Experimental Pathology). 


Glasgow 


THE report of the University of Glasgow Appoint- 
ments Committee for the year ended December 31, 
1958 (Pp. 15. Glasgow: The University. 1959), 
records a steep rise in the number of men registered, 
which at 1,051 is almost double the total for 1951. 
This is attributed to increasing use of the Com. 
mittee’s services by students, a continuing upward 
trend in the number of older graduates seeking the 
advice of the appointments officers, and the in- 


creasing number who remain at the University after | 


registering in the final year. Of the total, 735 are in 


science and engineering, and of these, 302 registered — 


during 1958. Of 574 male students obtaining first or 
second degrees in 1958, 155 were in science, 122 in 
engineering and 74 in other technology. Of the total, 
333 remained in Scotland. In science, particularly 


chemistry, there was a proportional increase in the | 
number entering postgraduate research. In spite of 


the effect of the new defence policy there was no 


shortage of opportunity except for the less able — 


candidates. Of all honours degree candidates, 122, 
or 21-3 per cent, entered the teaching profession 
compared with 19-6 per cent in 1957, and in science 


CNRS EAS Py 


the proportion rose from 21-3 to 23-8 per cent. There — 
was a further increase in the number of women | 
registered and a slight decrease in the notifications | 


of vacant posts, but the picture is not significantly 
different from that of 1957, and _ insufficient 
opportunity in Scotland for women _ graduates 
persists. 


Announcements 


To commemorate the late Sir Francis Simon, who | 
was Dr. Lee’s professor of experimental philosophy ~ 


and head of the Clarendon Laboratory, Oxford, the 


Low Temperature Group of the Physical Society has | ship i 


instituted a Simon Memorial Prize. This is an award 
to the value of £250 which is to be made at about 
three-yearly intervals for distinguished work in 
experimental or theoretical physics. Dr. Heinz 
London, of the Atomic Energy Research Estab- 
lishment, Harwell, is the first recipient of this 
award. 


THE third reactor school course on the Control 
and Instrumentation of Reactors will take place 
during February 1-12, 1960, and will be open to 
British and overseas students. It will be held at 
Durley Hill, Bournemouth, Hampshire. Further 
information can be obtained from the Principal, 
Reactor School, Atomic Energy Research Establish- 
ment, Harwell, Didcot, Berkshire. All application 
forms must be returned by December 11. 


Erratum. In the letter entitled ‘Colour Centres 
produced by Radiation in Silica Gel’’, by Harold W. 
Kohn, published in Nature of August 22, “50° C.”’ in 
line 12, paragraph 2, column 1, p. 631, should read 
“500°:C.”’. 
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DEVELOPMENT TRENDS IN AUSTRALIAN SCIENTIFIC 
RESEARCH 


rT HE tenth annual report of the Commonwealth 

of Australia Scientific and Industrial Research 
Organization covers the year ended June 30, 1958 
(pp. 174. Canberra: Government Printer, 1958. 
14s.), in which the Organization expended £6,861,278 
on normal research activities, £429,328 on capital 
works and £123,655 on grants to outside bodies. Of 
its total income of £7,414,261, £5,792,894 was from 
Treasury funds and £1,267,928 from the Wool 
Research Trust Fund. Grants to research associations 
totalled £41,260 and for Overseas Research Student- 
ships £60,793. Expenditure on investigations into 
plant problems amounted to £754,835 ; into animal 
health and production problems, £737,848 ; into food 
preservation and transport, £245,125; into forest 
products, £316,322; into entomology, £215,538 ; 
into fisheries, £171,458; and into industrial chem- 
istry, £624,169. £577,186 was spent on the National 
Standards Laboratory, £149,098 on building research, 
£383,672 on radiophysics research, £384,823 on wool 
textiles research, £175,792 on fuel research, £119,338 
on the wild-life survey, and £154,929 on land research 
and regional survey. A list of staff as well as pub- 
lished papers is included in the report. 

A representative committee appointed to consider 
the future development of the National Standards 
Laboratory found that while the Laboratory was 
functioning at a high level of efficiency, the staff and 
accommodation were too limited and future plans 
should include a well-planned programme of research. 
The testing and calibration service for industry also 
required expansion, and in sequence with a further 
recommendation, Mr. N. A. Esserman has been 
appointed as first director of the Laboratory. Further 
new arrangements with the universities were con- 
cluded during the year, including the development 
of a Biological Inorganic Chemistry Unit in co- 
operation with the Australian National University, 
establishment of a joint electron microscopy labor- 
atory at the University of Sydney, and of a reader- 
ship in dairy husbandry, also at Sydney. The design 
study of the proposed giant radiotelescope has been 
completed and the instrument is to be constructed 
on a site near Parkes, New South Wales. Some 


_ extension of the technical liaison services of the 


this E International Wool Secretariat and 


_ Australian Wool Bureau are co-operating in making 


its affiliated 
organizations was agreed and the Secretariat and the 


known to clothing manufacturers throughout the 
world the Organization’s Si-ro-set process for the 
permanent pleating and creasing of garments. The 
heavy pellet developed in the Division of Biochem- 


- istry and Animal Nutrition for administering cobalt 
_ supplements to sheep has been widely adopted by 


graziers in Australia. The work of the Organization’s 
Plant and Soils Laboratory, Brisbane, has already 
established that the carry:ng capacity of the area of 
Queensland south of the Tropic of Capricorn and 


receiving good rainfall can be greatly increased by 


replacing natural pastures by sown pastures, and the 
work is of special interest to the beef cattle industry. 

The Division of Soils has developed a new section 
to meet the increasing demands for study in soil 


microscopy and its Soil Mechanics Section continued 
to widen its interests, especially in foundation prob- 
lems in building, in pavement engineering and in the 
stabilization of soils. Morphological and chemical 
data are being compiled for three representative 
profiles of each of the great soil groups which have 
been recognized in Australia. It is proposed to base 
the main research of the Division of Plant Industry 
on semi-arid native grasslands at Deniliquin, New 
South Wales, and to use this as a centre for studies 
of the establishment and maintenance of sown 
pasture species under dry-land conditions. Studies 
were continued on the effect of clover on the fertility 
of the soil and the residual effects of phosphorus, 
sulphur, boron and molybdenum ; on the extraction 
from Thiobacillus X (Thioparus) of an enzyme and 
some cytochrome components which catalyse the 
oxidation of thiosulphate to tetrathionate ; and on 
the effect of individual growth substances on cell 
division and size of fruits. Experiments continued on 
the transfer of resistance to blue mould (Peronospora 
tabacina) from Australian species of Nicotiana to 
commercial varieties of N. tabacum. An extremely 
dry year was utilized to study the capacity of sown 
pastures to carry sheep and to persist under high 
vates of stocking and under different systems of 
utilization. Studies of the effects of nitrogen supply 
and extension of the growing season on four strains 
of P. tuberosa were completed, and an improved 
electron dialysis technique involving a minimum of 
damage to the plant tissue has been developed for 
determining the cation-exchange capacity of plant 
roots. Studies continued on the beneficial effects of 
wilting on the ensilage of ryegrass and on the drying 
characteristics of pasture plants as affected by air 
velocity, humidity and temperature. 

The two irrigation research stations on which 
the ways in which irrigated land can be made to 
keep its fertility are being studied, and the tech- 
niques which can be used to reclaim waterlogged or 
salted soil, continued their research programmes 
without major change, and the Department of 
Agriculture, New South Wales, is co-operating in 
the Murrumbidgee areas in studies of control of iron 
chlorosis and of effects of waterlogging and salting 
on the nutrition of apricots and peaches. The 
Division of Animal Health and Production has com- 
menced work on the protozoal blood parasites which 
cause ‘tick-fever’ in cattle. Good progress is being 
made towards an understanding of the physiological 
characteristics which determine heat tolerance in 
cattle, with a view of selecting them within the 
European breeds or importing them, by crossing with 
such breeds as the Zebu or Afrikander. Diseases of 
sheep now receiving special attention are foot-rot 
and foot abscess, mycotic dermatitis and worm 
parasites. Sheep husbandry and wool production are 
two of the Division’s major research undertakings, 
with the view of understanding the genetic basis of 
high wool production, and the nutritional and other 
physiological mechanisms which enable the inherited 
capacity for high wool production to be manifested, 
reducing the heavy losses due to poor fertility and 
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neo-natal mortality in lambs, and discovering the 
best and most economic means of offsetting the 
effects of drought by appropriate maintenance 
rations and husbandry. The present status of animal 
husbandry and production investigations by Common- 
wealth and State organizations is under review to 
reveal the nature of the major problems on which 
attention could most usefully be focused. At the 
Division of Biochemistry and General Nutrition’s 
field stations experiments are being conducted on 
salt tolerance and supplementary feeding and on 
cobalt and copper deficiencies, including trials of the 
cobalt pellets developed to protect sheep from cobalt 
deficiency and phaleris staggers. 

No major changes are reported in the research 
programme of the Division of Entomology, and great 
stress continues to be placed on the ecological 
approach. An officer has been appointed to study 
the ecology of the cattle tick in North Queensland, 
and work on cattle dips and pasture spelling is being 
intensified. In systematics some progress has been 
made on a revision of the Calliphoridae or blowflies, 
and revisions of the Pyrgotidae and Acroceridae have 
been completed. Preparation for the Common- 
wealth—State trial in New South Wales of a proposed 
method of suppressing outbreaks of the Australian 
plague locust advanced considerably, and in work on 
insect pests of stored grain the density of insect 
population is being studied under conditions of 


controlled oxygen leakage. Relations between 
chemical structure and_ insecticidal activity 
have been examined in the volatile ketones 
and N-substituted amides of long-chain fatty 


acids. 

The Wildlife Survey Section intensified its study 
of rabbit populations and has initiated investigations 
of the dingo (Canis familiaris dingo) and the fox 
(Vulpes vulpes). Besides land surveys of the under- 
developed regions by the Division of Land Research 
and Regional Survey to determine their needs and 
population, the Division of Biochemistry and 
General Nutrition is investigating problems of plant 
and animal nutrition on the Coonalpyn Downs, South 
Australia; the Division of Animal Health and 
Production is breeding cattle at Belmont, Rock- 
hampton, Queensland; and the Plant and Soil 
Laboratory is studying the wallum country in eastern 
Queensland. The Division of Fisheries and Oceano- 
graphy has built an experimental aquarium at 
Cronulla to study the behaviour patterns of com- 
mercial fish and has devised and tested a method for 
counting and differentiating phytoplankton at sea. 
There was no change in emphasis of the work of the 


Division. The Division of Food Preservation and 
Transport initiated, jointly with the New South 
Wales Department of Agriculture, a three-year 


investigation of levels of fruit spray residues and 
their removal. The cheese curd fusing machine 
developed by the Dairy Research Section was put 
through successful trials and could be the first 
effective attempt to mechanize cheese manufacture 
completely. Work on the biophysical properties of 
the giant cells of Chara australis was resumed, and a 
study of the properties of sucrose synthesized by 
enzymes was completed. The co-operative research 


programmes undertaken by the Division of Building 
Research steadily increased during the year, including 
an investigation into the use of ordinary household 
hot-water heaters, fired by brown coal briquettes for 
space heating as well as water-heating to lower- and 
medium-priced houses. 
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The Wool Textile Research Laboratory has 
developed an improved sampling device for wool 
and devoted greater effort to shrink-proofing, in. 
cluding the use of oxidizing agents. Studies con. 
tinued on the exchange of water between a mass of 
wool and the air passing through it, and work in 
the Division of Industrie] Chemistry on the struc. 
tural analysis of amino-acids has been extended to 
the peptides. A major activity of the latter Division 
has been in the techniques of extractive metallurgy 
and a full-scale unit is to be installed for final tests 
on the recovery of uranium from Dyson’s ore by the 
Weiss-Swinton jigged bed process for continuous ion 
exchange. Also in co-operation with industry the 
Division has completed an investigation of the fluid 
bed roasting of copper concentrates and the sub._ 
sequent locating and electromining of copper. A/ 
process has been developed for obtaining thorium of | 
high purity, and further kinetic studies were made 
on the decomposition of sulphide minerals in the 


presence of water and oxygen. The investigation of | 


the constituents of tar from Lurgi gasification plant 
continued, as well as the study of the production | 
and properties of various kinds of defects in crystals 
and their bearing on chemical and physical properties 
of solids, while increasing effort was devoted to the | 
design and development of optical and spectroscopic | 
equipment. An investigation on the preparation of | 
substituted sebacice acids of possible value as plastic. | 
izers and low-temperature lubricants showed that the » f 
isomeric dihydroxysteric acid easily prepared from | 
oleic acid, as well as erythro-dihydroxysteric acid | 
can be converted to «-hydroxy-«-octylsebacic acid by | 
alkali fusion and in considerably higher yields. The | 


Coal-Research Section is continuing work on the 
properties, composition and structure of light oils, t 


tars and pitches produced by the carbonization of f 
Australian coals. 

The Division of Tribophysics 
fundamental ‘studies in metal physics, 
physics and the chemistry of solids, and in some} 


co-operative work on the refining of lead the sur.” 
face properties of liquid lead have been measured / 
in various media by a radiographic technique. No} 
new major projects were initiated in the Division of | 
Physics, where the accuracy of the Laboratory's) 
realization of the International Temperature Scale at © 


high temperatures has been considerably increased, 


and proposals have been formulated for its extension | 


to well below the present lower limit of —183° C., 


based on an investigation of the dependence on| 
temperature of the electrical resistance of platinum. | 


Electronic apparatus designed or constructed in- 
cludes a photoelectric servo system for the control 


of a physical balance for measuring strong magnetic 


fields ; a nuclear resonance thermometer using the 


quadrupole resonance of chlorine ; and the control to 1 
in 10 of currents up to 10 amp. in an electromagnet with 
a galvanometer amplifier and power transistors. No/ 
major changes are reported in the work of the Division | 


of Electrotechnology, but its high-voltage measuring 
facilities are to be expanded. Special furnaces have 
been constructed and preliminary experiments made 
to determine the conditions of crystal growth most 
likely to yield satisfactory single organic crystals, 
while further studies have been made on the dielectric 
properties of polycrystalline materials and liquids. 
Determinations of the frequency factors and energies 
of activation of methyl ethers and ketones confirmed 
that in long-chain compounds the logarithm of the 
frequency varies linearly with the energy of activation. 


continued _ its | 
surface © 








Koc 
diffi 
reac 
whi 
“De 
Soci 
aller 
type 
Li 
mec. 
as | 
Sym 
in t 
is r¢ 
in v1 
solul 
bodi 
delay 
are @ 
to p 
injec 
ment 
it is. 
integ 
thro 
that 
test 1 
In 
ment 
as J. 
hours 
agent 
of ar 
whick 
the s 
ensur 
affect: 
theref 
culin 
relatiy 
by so 
was t. 
any le 
On th 
in a |; 





4 


has 
wool 
» ie 
con- 
ss of 
k in 
rue- 
d to 
ision 
urgy 
tests 
- the 
; ion 
the 
fluid 
sub- 
Al 
m of 
nade 
the 
n of 
lant 
tion 
stals 
rties 
- the | 
opie 
n of} 
stie- ; 
the | 
from | 
acid | 
d by | 
The | 
the | 
oils, | 
n of | 


its | 
‘face | 
ome | 
sur: f 
red | 
Nog 


n of 
ry’s 


le at F 


ised, 


SiON | 
C.,8 


| ONE 


Bist) 


um. 
in- 


itrol & 
retic | 


the | 


tol F 
with F 
Noe 
sion : 
ring | 


lave 


rade F 


nost 
tals, 
tric 
lids. 
‘gies 
med 

the 


‘ion. 





October 3, 1959 


The continuance of the investigations of the 
Division of Radiophysics into the practicability of 
increasing rainfall by seeding clouds with silver 
iodide by a further large-scale field trial is in pro- 
gress in the Northern Tablelands region of New 
South Wales. Development continued of a method 
for obtaining bearings from existing Distance Meas- 
uring Equipment Beams and also research into the 
purification of semiconductor materials and growth 
of mono crystals, the transport of charges in semi- 
conductors and the development of junction photo 
devices. An all-sky camera was installed in October 
1957 and photographs of the whole night sky have 
been taken regularly at five-minute intervals since 
that time, recording any aurore that may occur, 
and in conjunction with cameras at other stations, 
enabling positions and height of aurore to be 
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deduced. In solar physics the association between a 
class of radio bursts conventionally known as type II 
and optical features in the chromosphere has been 
investigated, while the main observational programme 
of the 15-metre wave-length ‘Cross’ aerial was 
directed towards completing a survey of a belt of the 
sky, 10° wide, around the galactic equator. The 
crossed-grating interferometer is producing each day 
a detailed radio picture of the Sun, and observations 
of solar radio disturbances continued throughout 
the year with the Dapto radio spectrograph, which 
records the Sun’s spectrum in the range of wave- 
lengths between about 1-5 and 7-5 m. The Mathe- 
matical Instruments Section completed the con- 
struction of the transistorized digital differential 
analyser and the techniques are being applied to the 
development of a small general-purpose computer. 


DELAYED HYPERSENSITIVITY IN IMMUNOLOGY 


HE mechanism of the delayed form of hyper- 

sensitivity, originally and still exemplified by 
Koch’s tuberculin reaction, has proved much more 
difficult of analysis than that of the immediate 
reaction about the main immunological features of 
which much is now known. In the symposium on 
“Delayed Hypersensitivity” held by the British 
Society for Immunology in London on May 8, the 
allergic phenomena associated with reactions of this 
type provided the central theme for discussion. 

Little progress towards the understanding of the 
mechanism of the tuberculin reaction can be expected, 
as pointed out by S. V. Boyden in opening the 
Symposium, until the nature of the specific change 
in the tissues responsible for the hypersensitivity 
is recognized and can be detected and measured 
in vitro. The injection of tuberculoproteins, when in 
soluble form, leads to the production of specific anti- 
bodies in the blood but not to the appearance of 
delayed hypersensitivity. Even when these proteins 
are adsorbed on carbon granules or red cell stromata 
to provide them with a particulate vehicle, their 
injection almost invariably results in the develop- 
ment of Arthus-type hypersensitivity. It seems that 
it is only when these antigens enter the tissues as an 
integral part of the bacillus, and consequently pass 
through some intracellular experience in phagocytes, 
that the animal will respond to a subsequent skin 
test with a typical delayed tuberculin reaction. 

In part, the characteristic delay in the develop- 
ment of the tuberculin reaction might be attributable, 
as J. Pepys has observed, to the period of several 
hours needed for the full fixation of the provocative 
agent to the tissue cells. The simultaneous injection 
of any agent, such as histamine or hyaluronidase 
which can accelerate the loss of the tuberculin from 
the site of inoculation, or of adrenalin which can 
ensure its retention in the area, consequently much 
affects the intensity of the ensuing reaction. It follows, 
therefore, that any constituent present in the tuber- 
culin preparation used that might evoke even a 
relatively inconspicuous immediate reaction could, 
by so doing, lead to the dispersal of the factor which 
was the cause of the delayed reaction and so mask 
any later manifestations of delayed hypersensitivity. 
On the other hand, the introduction of the tuberculin 
in a lipid vehicle prolongs the local retention of the 


tuberculin, thereby enhancing its potency and reveal- 
ing in man the presence of degrees of hypersensitivity 
too low to be demonstrable by intracutaneous tests 
with large doses of tuberculin. 

The discovery by Landsteiner and Chase that in 
guinea pigs specific delayed hypersensitivity can be 
transferred by an inoculum of leucocytes when one 
of serum is ineffective has been further analysed for 
human beings by H. 8S. Lawrence. He sought, by 
making extracts from such cells after their lysis, to 
identify the ‘transfer factor’ concerned. This he 
found to be a stable agent capable of resisting ex- 
posure to deoxyribonuclease, ribonuclease and tryp- 
sin. With Pappenheimer, he found that it may be 
liberated from the sensitizing leucocytes by incuba- 
tion alone or by contact with tuberculoproteins ; the 
latter procedure caused the cells themselves to lose 
their distinctive property of sensitizing a recipient. 
Delayed hypersensitivity to coccidioidin is similarly 
transferable with extracts of sensitizing leucocytes 
and the specific systemic reactivity so conferred may 
persist for more than a year. 

In seeking some biological meaning for delayed 
hypersensitivity reactions, Lawrence proposed an 
extension of Burnet and Fenner’s ‘self-marker’ con- 
cept to postulate that interaction between host cells 
and phagocytozed microbes may produce slightly 
altered versions of the individual’s cellular com- 
ponents by forming intimate (self plux x) complexes. 
The latter, recognized as foreign by the host, may 
provoke a cellular immune response (transfer factor) 
directed against: the complex. The cellular immune 
response takes effect against the host’s own tissues 
in the form of a local homograft reaction wherever 
and whenever his cells are in appropriate combination 
with the antigen (x) which has induced the alteration. 
The effector mechanism (transfer factor) is uncovered 
following transfer to recipients and in the presence 
of the test antigen (x) it is postulated that it evokes 
a train of events similar to that called forth by the 
intact microbe in the cells of the donor. 

N. A. Mitchison further followed up the possible 
resemblances between delayed hypersensitivity and 
the homograft reaction by pointing out that in both, 
the immunological responses appeared to be attribut- 
able to the participation of cell-bound antibody. 
A graft of tissue from one animal to another of the 





1030 


same species provokes the production of both 
humoral and cell-bound antibody ; but the former 
generally does not destroy the graft. Transplantation 
immunity thus possesses an important feature in 
common with delayed hypersensitivity. Further 
similarities arise from the routes of immunization used 
—the intravenous injection of cells provokes only a 
poor response in the rabbit—as well as from the 
tempo of the full transplantation immunity reaction 
which develops before the production of humoral 
antibody reaches its maximum. More significantly, 
the cellular infiltration of homografts resembles the 
granuloma induced by tubercle bacillary wax. The 
nature of the cell first stimulated by the antigen 
may determine the type of the response, so that a 
single antigen may, in different circumstances, 
elicit either a humoral or a cell-bound antibody. 
Alternatively, tissue cells may be supposed to possess 
isoantigens of different kinds each responsible for 
one kind of antibody. 

The possibility that a single molecular species of 
antigen can provoke simultaneously both delayed 
and immediate sensitivity to different determinant 
groups on it was discussed by P. G. H. Gell and 
B. Benacerraf. In a study of various types of 
immunological reaction to proteins conjugated with 
such active haptenes as picryl chloride, they have 
demonstrated a dissociation between immediate and 
delayed skin reactivity to the same antigen. The 
absence of recognizable antibodies to the protein 
carriers used in these conjugates, at a time when 
their intradermal injection proved capable of exciting 
a delayed skin reaction, confirms the view that 
reactions of this type do not depend on conventional 
antibodies in the circulation : at this time, antibodies 
were present specific to the haptenic group. Under 
other conditions, delayed sensitivity to the haptenic 
group was also demonstrable. They questioned the 
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view that the state of delayed hypersensitivity can be 
regarded as an early, perhaps immature, stage of 
immunity. Rather, they felt that it should be con- 
sidered as a distinctive response to certain quali- 
tatively different, possibly less dominant, groups on 
the antigenic molecule. 

With the recognition of the close participation of 
leucocytes in the transference of specific delayed 
hypersensitivity, J. L. Gowans’s account of the life- 
history of lymphocytes acquires particular relevance. 
Experiments on rats have shown that the output 
of these cells from the thoracic duct is sufficient to 
replace all the lymphocytes in the blood many times 
daily ; the production of new small lymphocytes is 
much lower and their survival time much longer 
than was formerly supposed. These cells, moreover, 


appear to circulate freely through the tissue spaces | 
and in this extravascular transit they may be the | 
effector cells in immunological reactions of the delayed | 


type. 


The features of the immediate and delayed 


‘tuberculin-type’ reactions to trichophytin in guinea — 
pigs that can be evoked either after an infection or | 


an inoculation with the killed mycelium were de- 
scribed by C. N. Cruickshank, M. D. Trotter and M. R. 
Wood. ‘They found that these responses were 
associated with a transferable passive cutaneous 
anaphylaxis, but that they could occur in the 
absence of any detectable precipitating antibodies. 
Chemical fractionation of the mycelium showed that 
the antigenic material was mainly a polysaccharide 
containing equal proportions of glucose and mannose. 
Finally, R. M. Gordon and M. Lavoipierre, in discuss- 
ing immediate and delayed reactions to insect bites, 


pointed out that in certain instances the late reactions | 


ordinarily attributed to the saliva of the vector may 


be confused with that caused by some parasite | 


introduced into the tissues at the time. 


THE ELECTRIC ARC IN WELDING 


OLLOWING the practice of the previous two 

years, a third “Joining of Metals’? Conference 
was held at the University of Birmingham on June 25 
under the chairmanship of Prof. E. C. Rollason, 
head of the Department of Industrial Metallurgy. 
The subject on this occasion was ‘““‘The Electric Arc 
in Welding’; five papers were presented, and the 
conference was attended by about one hundred 
representatives of industry, the research associations 
and the universities. Prof. Rollason explained that 
the purpose of these conferences was to further the 
development and teaching of the basic processes 
underlying the practice of metal joining, and pointed 
out that, in are welding in particular, much less 
effort had been directed towards fundamentals than 
to the empirical development of modern are welding 
processes. He then suggested that there were three 
ways in which the arc interacted with the metal 
which were of signifieance in welding. First, there 
was heat transfer from the arc which was responsible 
for the formation of the weld pool; secondly, the 
chemico-metallurgical reactions taking place between 
the high-temperature gases in the arc atmosphere 
and the weld metal; and thirdly, the transfer of metal 
droplets across the are which can take place against 


gravity and for which no satisfactory mechanism 
had yet been advanced. 


Mr. D. R. Milner, of the Department of Industrial | 


Metallurgy, then surveyed the present state of know- 
ledge of those aspects of arc physics which were 
pertinent to these problems. 
body of the arc electrical energy is utilized to heat the 


gas to such a temperature that it becomes thermally | 


ionized and is thus able to provide the electrons and 
ions necessary to carry the required current. At the 
anode the electron stream, and at the cathode the 
positive ion stream, provide the source of energy 
for melting the metal. For low-current ares the anode 
processes are reasonably well established, but less is 
known of conditions at the cathode. However, for 
high-current welding systems little information is 
available in either case. Heat and mass transfer 
from the are column to the electrodes, which determ- 
ines the reactions occurring between the arc 
atmosphere and the weld metal and controls the rate 
at which they take place, is dependent upon the energy 
dissipated, the gas properties and the mode of heat 
transfer. Of particular interest in this respect are 
plasma-jets, which Maecker has demonstrated exist 
wherever there is a constriction in the are, such as 4 
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cathode spot, giving rise to gas velocities of the order 
of 10 to 105 cm. per sec. 

Dr. G. R. Salter, of the Department of Industrial 
Metallurgy, contributed a paper which described the 
results of an investigation of the absorption of oxygen 
by titanium melted by an electric arc in an atmosphere 
of argon containing controlled quantities of oxygen. 
The effect of time, oxygen partial pressure, arc length, 
current, electrode composition and gas flow conditions 
had been determined. The interpretation of the 
results led to the conclusion that in this system the 
rate-controlling process was the diffusion of oxygen 
across a ‘stagnant’ boundary-layer of gas of the order 
of 10-* em. thickness, adjacent to the molten metal, 
which took place over a high temperature active 
area where the oxygen was dissociated. The magni- 
tude of the active area was determined by the current 
and are length, and the thickness of the boundary 
layer by the velocity of the cathode plasma-jet 
which impinged on the anode. 

Mr. J. B. Wilkinson, also of the Department of 
Industrial Metallurgy, gave an account of work on 
heat transfer in which energy balances had been 
determined for arcs operating between a tungsten 
cathode and a water-cooled copper anode in ~tmo- 
spheres of argon, nitrogen, helium and hydrogen. 
The existence of plasma-jets in these ares had been 
demonstrated, their velocities estimated and attempts 
made to separate the heat transfer from the plasma- 
jet from that due to electron heating of the anode. 
The interpretation of the measurements of the heat 
transferred from the plasma-jet was along similar 
lines to that proposed by Salter for mass transfer, 
that is to say, with convection transferring the heat 
to a boundary-layer adjacent to the metal surface. 
Some success had been achieved by the application 
of a conventional non-dimensional treatment of 
convective heat transfer with the plasma-jet replaced 
by an equivalent source of hot gas emerging from a 
tube. 

In addition to their role in heat and mass transfer, 
plasma-jets are also responsible for the transfer of 
metal droplets from the molten wire electrode to the 
weld plate. This was shown by Mr. J. C. Needham, 
who described work carried out at the Electrical 
Research Association in which a study had been made 
of the detachment and flight of aluminium droplets 
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by high-speed colour photography (8,000 frames per 
sec.). The existence and effect of the plasma-jet 
could be inferred from a stream of metal vapour 
emanating from the droplets flowing in the direction 
of the jet and from the fact that the velocity of the 
drops continued to increase, with accelerations of 10g 
to 1009, after they had been detached from the 
electrode wire, attaining terminal velocities in excess 
of 500 cm./sec. Experimental determinations of the 
droplet velocity as a function of current, derived from 
the photographs taken by Needham, and from 
trajectory determinations by Mr. C. J. Cooksey of the 
University of Birmingham, compared well with 
theoretical calculations based on a model in which 
the drop became detached when the force exerted 
on it by the plasma-jet exceeded the restraining 
force of surface tension, and was then freely 
accelerated across the arc by the impinging gas 
stream. 

An interesting characteristic of the electric arc is 
that if it is intensively cooled, for example, by operat- 
ing it through a narrow cooled orifice, then the core 
temperature is increased. This is because the con- 
ducting area contracts, so that which remains must 
have a higher degree of ionization and hence a higher 
temperature in order to maintain the required 
current. Spectroscopists and are physicists have 
utilized this property of the are to heat gas to tem- 
peratures up to 50,000°C. for the measurement of 
collision cross-sections and the transition probabilities 
of ionized and excited atoms and for fundamental 
magnetohydrodynamic studies. Mr. A. R. Moss, 
of the Ministry of Supply, elaborated on the behaviour 
of the constricted arc and showed how it could be 
harnessed to technological advantage. He described 
the various types of plasma-jet projectors and con- 
stricted arc torches developed in the Armament 
Research and Development Establishment, with 
emphasis on the design and characteristics of devices 
operating with a power consumption up to 100 kV. 
amp., although much more powerful equipments were 
mentioned. Their many potential technological 
applications include the melting, cutting and spraying 
of metallic and non-metallic materials in non- 
contaminating atmospheres, chemical synthesis and 
the production of high-temperature gas streams at 
hypersonic velocities. D. R. MILNER 


INTERNATIONAL CONGRESS ON ACOUSTICS 


HE third International Congress on Acoustics 
was held in Stuttgart during September 1-8 


The first of the series was held in Delft in 1953 
and the second in Cambridge, Massachusetts, in 1956. 


Already the number of participants has risen from 
_ the original 600 to more than 1,000, and in the recent 
' congress necessitated the individual papers being read 


in eight concurrent sessions. The mornings were 


devoted to review lectures, which all could attend. 


These, and the papers presented, covered architectural 
acoustics, ultrasonic techniques and their applications 


_to the study of molecular physics, acoustical proper- 
ties of materials employed in industry, noise and its 
abatement (in particular aircraft noise), physiological 


and psychological acoustics. 


If one tries to assess the progress made since the 
last congress and which is likely to continue in the 
future, one would perhaps select the last two of 
these as of most interest. The two reviews given 
on the subject of the noise of jets and the quantity 
of smaller papers which followed illustrated the 
strides which have been made since the last congress, 
where the subject of aeronautics interested but a few 
speakers. The increasing noise-level to which we are 
subjected has stimulated more research into the 
functioning of the ear and the human processes of 
sound perception, which also brought out a stimu- 
lating array of papers. 

In building acoustics and molecular acoustics one 
has the feeling that the peak of development has 
passed. In the former subject it seems now to be a 
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question of fine adjustments to existing knowledge, 
while in the latter new developments may only be 
expected by going to extreme temperatures and 
pressures with adaptations of existing techniques. 
To illustrate the importance of noise in daily life and 
methods of measuring it, the regional authorities of 
Baden-Wiirtemburg opened to the public an exhibit 
in a Stuttgart Museum entitled ““Weniger Lirm’’. 

It was announced that the next international con- 
gress would be held in Copenhagen in 1962, and if 
the number of participants should continue to increase 
at the present rate this will involve the local organiza- 
tion in much hard thinking about how they are to 
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lodge them and deal with the reading of the many 
papers expected. 

This situation is not peculiar to acoustics, but there 
is a possibility of splitting the auditory into roughly 
equal numbers of those concerned with physical and 
physiological acoustics and those interested mainly 
in architectural, musical and industrial applications, 
Perhaps two congresses en suite with a week-end of 
social activities and excursions sandwiched between 
them might overcome some of the difficulties of 
organization. 

The proceedings of the congress are to be published 
in book form by Elsevier Press. E.G. RicHaRDSON 


PHOTOGRAPHY IN THE INTERNATIONAL GEOPHYSICAL 
YEAR 


SYMPOSIUM on photography in the Inter- 

national Geophysical Year was held in Edin- 
burgh on June 6, under the auspices of the Scientific 
and Technical Group of the Royal Photographic 
Society of Great Britain. 

Following his address of welcome on behalf of the 
University of Edinburgh, Sir Edward Appleton 
stated that he believed the effect of the International 
Geophysical Year on association between geophys- 
icists would be a permanent one, and recalled the 
descent of the recent great collaboration from earlier 
International Polar Years. He then described some 
of the ionospheric work carried out during the Inter- 
national Geophysical Year and directed attention to 
the valuable part played by photography in making 
possible permanent records. In conclusion, he spoke 
of the most striking discovery of the Van Allen 
radiation belt. Miss Harker, president of the Royal 
Photographic Society, replied and went on to discuss 
the wide compass of photography, illustrated by the 
nature of the subject of the symposium. 

The study of aurorae by all-sky cameras was 
described by Dr. G. M. Thomas, of the Balfour 
Stewart Auroral Laboratory. He pointed out that 
remoteness and erratic occurrence make auroral data 
scanty, and that any casual collection of data is bad 
statistically. However, full-time observation is a 
costly matter, but sky cameras could provide the 
necessary supplement to visual observation. A 
system was described consisting of a motion picture 
camera viewing a large convex mirror, the mirror 
being heated to keep off frost and snow, and a 
calendar and watch placed in the field of view. Timing 
of the camera’s function was provided by a syn- 
chronous motor. A film illustrating the systematic 
motion of the aurorae was shown. It is of great 
importance to correlate the sudden alterations which 
occur with changes in the magnetic field at the 
ground. 

The next contribution reviewed some of the con- 
tributions of photographic techniques to rocket and 
satellite work, and described particularly the ballistic 
cameras developed at University College, London, 
for the ‘grenade’ experiment. This is a method of 
finding upper-air winds and temperatures by meas- 
uring the time of travel of sound from grenades fired 
from an ascending rocket. The special function of 


photography here is to locate the grenade bursts with 
great precision. When the experiment is carried out 


in daylight, special techniques are necessary to obtain © 
rapid triggering of the shutters by light from the 

grenades. Experiments under preparation for X-ray 

observation of the Sun and ultra-violet astronomy of | 
the stars were also described. The latter work is/ 
being conducted in collaboration with Dr. H. E.| 
Butler, of the Royal Observatory, Edinburgh, who! 


Fa 


then described his use of a technique, due originally | 
to Dr. Baker, of the same Observatory, to bring up| 


the detail of very faint interstellar absorption lines, | 


Basically, the problem is to bring out the signal from | 
the ‘background noise’ grain in the plates, and it is | 
accomplished by careful photometering and summing | 
of the results from many plates, together with sub- 7 
traction from a standard spectrum to remove the! 
emission structure. The results were extremely | 
impressive, as indeed was the amount of work) 
required to obtain them; a million separate read- 
ings from twenty-seven different exposures were / 
obtained. i 

Dr. C. J. Waddington, of the University of Bristol, | 
described his subject as the study of the ‘footprints’ | 
of cosmic ray particles. Due to the vastness of his 
subject, he limited his discussion to an extended 
series of high-altitude balloon flights with nuclear 
emulsions made with the avowed intention off 
monitoring the long-term variation of the primary | 
cosmic radiation. Seventy-three balloon flights were} 
made by a group led by Prof. E. P. Ney (Minnesota). | 
A typical payload consisted of a dozen 4 in. x 4 in./ 
600u Ilford G.5 emulsion plates, together with af 
single counter and an ion chamber. Although protons 
are more abundant, «-particles were chosen for the? 
study for a variety of reasons, among which were the | 
complications of an albedo of protons from dis-> 
integrations and the greater ease of finding and 
counting «-particle tracks in nuclear emulsions. The 
results of these observations are still being analysed, 
but already it is clear that differences in the variation 
of «-particle and proton flux after a solar flare should 
ultimately throw light on the properties of the space 
between us and the Sun. 

A paper by Dr. W. I. Arvegwitch, of the U.S.S.R. 7 
Academy of Sciences Institute of Geography, was) 
read for him in his absence. His paper discussed 
photo-topographic methods used by his Institute for 
the study of glaciers. For more than a decade 
glaciation has been studied by aerial photography 
although stereo-photogrammetric surveys from the 
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ground are still considered to be the most reliable 
means of recording the state and behaviour of 
glaciers. Recently, however, aerial photography, 
with its advantage of the avoidance of ‘dead areas’ 
due to obstacles, has been applied to the study of 
glacier dynamics. Unfortunately, the paper gave no 
information on the experimental equipment, either 
aerial cameras or the new Soviet stereograph “SD-1”’, 
which was claimed to be notable for its precision, 
having a relative mean-square error of vertical con- 
trol in the neighbourhood of 1/3,000. It was a 
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conclusion of the paper that aerial photography could 
greatly speed up a survey, especially with the use of 
helicopters, but that no single method in photo- 
topography is appropriate in every situation. 

The meeting ended with projection of the Russian 
research film, ‘“‘North Pole’’, showing Soviet scientific 
research in the Arctic and describing the results of 
oceanographic and meteorological work. Of special 
interest were sequences showing the circulatory 
movements of water and ice-flows about the Pole. 

R. L. F. Boyp 


GLASSHOUSE CROPS RESEARCH INSTITUTE 


OPEN 


rT HE Glasshouse Crops Research Institute, Little- 

hampton, Sussex, held its annual open day on 
June 10 when nearly two hundred visitors attended. 
The laboratories were open for inspection during the 
morning, and after lunch, at which the director, Mr. 
F. W. Toovey, reported on the Institute’s progress 
during the past year, a series of demonstrations were 
arranged in the experimental glasshouses and mush- 
room sheds. 

In tomato variety trials by the Plant Breeding 
Section (Mr. L. A. Darby) special interest was shown 
in hybrids with the ‘Baby Lea’ variety, some of 
which are in the F generation and beginning to 
breed reasonably true. This variety has a compact 
habit of growth (short internodes), and an attempt 
is being made to incorporate this habit into known 
good combining varieties with the aim of producing 
an F, hybrid of good early and total yield, bearing 
high-quality fruit, and which will not suffer from 
the excessive vigour of hybrids at present grown 
commercially. A cucumber-breeding trial, which was 
also demonstrated, tests the value of F', hybrids for 
commercial use with special reference to early and 
total yields, and to fruit quality. 

The Plant Physiology Department (Dr. E. R. 
Leonard) showed the concluding stages of a time-of- 
planting experiment carried out as part of its growth 
analysis studies on the tomato. Previous work has 
suggested the influence of day-length on the growth 
of all the major organs of the plant, including the 
roots, and in order to investigate this more fully 
sowings at one of the dates included in the main 
time-of-planting experiment have also been carried 
out at three other centres in the British Isles, ranging 
from Guernsey in the Channel Islands to Auchincruive 
in Scotland, and in Malta and Finland. A prototype 
temperature-controlled glass cabinet, erected in a 
glasshouse, for studying the growth of tomato plants 
under controlled day-length throughout a cropping 
Another exhibit was 
equipment for the production of artificial temperature 
gradients across a tomato fruit in connexion with 
the Department’s investigation of fruit ripening dis- 


' orders, including those loosely referred to as ‘blotchy 


ripening’. 

The Chemistry Department’s programme, under 
Dr. G. W. Winsor, includes a comprehensive study 
of the nutrition of the tomato, and a wide range of 
glasshouse experiments was on view. These comprise 
a basic factorial trial, testing nitrogen, phosphorus, 
potassium, calcium and magnesium, two experiments 


DAY 


on liquid feeding, and an investigation of the effect 
of magnesium deficiency on yield and its control by 
applying magnesium sulphate to the soil or to the 
foliage. Determinations of nutrient uptake are a 
special feature of these experiments. Laboratory 
studies of tomato fruit composition were also 
demonstrated ; these have particular reference to 
fruit-ripening disorders and may shed light on factors 
determining flavour. Changes in the enzyme activity 
associated with ripening are also being investigated. 
The Department also works on other glasshouse crops, 
and of topical interest were the studies being made 
of the effects of manganese toxicity on tomatoes, 
lettuce and carnations. A factorial nutritional trial 
on carnations, testing three levels of nitrogen and 
potassium in the presence or absence of added 
phosphorus, magnesium or calcium, was also on view. 
With the cultivated mushroom certain cultural 
problems are studied, particular attention being paid 
to various factors of the casing layer in relation to 
fruiting ; evidence has accumulated that total 
moisture stress has an important influence on fruiting. 
An investigation of the effect of factors of the 
atmospheric environment on mushroom growth is 
also about to be taken up, and a prototype controlled- 
environment chamber for this was on view. 

The Plant Pathology Division (under Dr. L. Broad- 
bent) demonstrated the work of its three Departments, 
Entomology (Dr. N. W. Hussey), Mycology (Mr. 
P. H. Williams) and Virology (Mr. M. Hollings). 
At present the Entomology Department is devoting 
a great deal of attention to cecids affecting the 
cultivated mushroom; observations on their life- 
history were illustrated, and results were presented 
on the very rapid rate of increase of the larve in 
compost. The results of experiments on the control 
of cecids by the application of y-BHC to compost 
or casing were also displayed. The Mycology Depart- 
ment showed aspects of its work on the Didymella 
stem rot of the tomato, on cucumber mildew, on 
carnation wilts and on mushroom fruiting disorders. 
In connexion with the investigation of carnation wilt 
diseases, a glasshouse experiment on the survival of 
the pathogens in soil and plant roots was in progress ; 
this involves the growing of carnations, chrysanthe- 
mums and tomatoes in rotation in concrete-lined 
beds to see whether the wilt organisms can be carried 
over on hosts other than the carnation, even though 
producing no visible symptoms on those hosts. 
Mushroom fruiting disorders, associated with greatly 
reduced cropping, have caused much concern to the 
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industry during the past few years, but their investiga- 
tion has proved very perplexing because of the 
variety of symptoms produced. At the Institute the 
possible transmissibility of the disorders has been 
particularly studied, and in recent experiments, 
which were demonstrated, evidence of artificial 
transmission and natural spread following the inocula- 
tion of beds has been obtained. Of special interest in 
the Virology Department’s programme, which is 
about to be greatly expanded, was the success 
achieved in rooting meristem cultures of carnations 
and transferring them to conventional growing media ; 
this work has been undertaken as a prelude to the 
investigation of heat therapy for carnation virus 
diseases. 


STUDIES IN 


NDER the title “After Work: Leisure and 
Learning in Two Towns’’, the National Institute 
of Adult Education has published, for the Manchester 
and District Advisory Council for Further Education, 
studies in Bolton and Rochdale by Mr. R. Ruddock 
and Dr. A. Wilson (pp. 63. London: National 
Institute of Adult Education, 1959. 3s. 6d.). Prof. 
R. D. Waller contributes an introduction explaining 
the purpose and basis of the two surveys, which give 
special attention to the twenty to thirty age group, 
and suggesting a few generalizations. Dr. Wilson’s 
survey of Rochdale started a few months later than 
Mr. Ruddock’s survey of Bolton, and he stresses the 
quality and quantity of educational and cultural 
activity in this town of some 86,770 inhabitants. 
While this is probably not less than that of any other 
industrial town of comparable size in Great Britain 
probably as many as 40 per cent of young adults 
have no connexion with any organization outside 
their job and home. The Rochdale Literary and 
Scientific Society, founded in 1878, has always had 
the backing of influential scientists, doctors, teachers 
and others and often exercised considerable influence 
in educational and cultural matters; its member- 
ship has fluctuated between 233 and 350 during the 
first half of this century, but has since reached 650. 
Nevertheless, apart from societies promoting religious, 
musical, dramatic or highly specialized leisure pur- 
suits, the voluntary societies have little success in 
attracting people in the 18-35 age group, and during 
the past five years the membership of voluntary 
societies has fallen by 12—13 per cent. 

The survey suggests that some of the young adults 
would welcome the opportunity to live a fuller social 
life and that others might adopt a similar attitude if 
parents, school-teachers and employers broadened 
their horizons and developed their latent interests in 
society and the problems which face its responsible 
citizens. Dr. Wilson suggests that the links between 
technical students and liberal or non-vocational 
studies could be developed, for example, by residential 
courses organized by the Extra-Mural Department of 
the University of Manchester. Nor is full use yet 
made of the facilities for further education under the 
part-time day release scheme : with a school popula- 
tion of 12,287 in sixty schools, day release from 
2,289 technical college students is only 943, 76 from 
243 School of Art students, and 19 from 1,883 
Further Education Centre students. 
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The Crop Protection Department (Mr. W. H. Read) he 
had a striking demonstration of the effect of captan ed 
in protecting tomato plants from Didymella stem m 
rot. A glasshouse trial showing the value of the lif 
chemical soil sterilizing agents, metham and chloro- lor 
picrin, in comparison with steaming, was also on view. ‘__ tir 

Among the current activities of the Statistics Sec- tre 
tion (Mr. D. Cooke) attention was directed to a’ ab 
survey that is to be carried out, in collaboration with —__ life 
Rothamsted Experimental Station and the Ministry the 
of Agriculture, on the tomato varieties in commercial de 
cultivation in relation to earliness and district. This cor 
should provide information of particular interest in~ chi 
connexion with the breeding programme and experi- _ otk 


mental work generally. F. W. Toovey 


RECREATION 


7 


the 


For Bolton, with approximately double 
population (163,800), the statistical picture is similar, | ferti 
The population per acre, rates per head and birth-| The 
rate are very similar: there are 25,374 students in in t 
102 schools and the total expenditure on education | lishe 
is roughly double (£2,278,812 compared with Rep 
£1,115,567). Of the 6,700 technical college students, Offic 
2,800 are day release, but there is no day release’ TI 
among 748 School of Art students and 2,700 Further — incre 
Education Centre students. Like Rochdale, Bolton © scier 
is becoming less dependent on the textile industry, | fluct 
and employment in the textile industries has dropped | in tl 
to less than 25 per cent of the working population, © the s 
compared with 47 per cent in Rochdale. Mr. Ruddock | in lo 
estimates that the voluntary societies contribute only | diffe 
perhaps one-twentieth to the cultural activity of | thep 
Bolton and that the whole cultural life of Bolton is) by ti 
sustained by some 6,000 of its citizens. Among the may 
suggestions he makes, all concerned with the upper | chan; 
30 per cent of the population, in the educational | fertil 
sense, is extended publicity to ensure that more! matt 
young adults know of the Workers’ Educational) Th 
Association and other serious organizations in the | consi 


cultural field. Many premises require improving} in pa) 
and equipment. The Central Library is admirably | fertilj 
situated for sponsoring experimental provision, and! either 
although there is much good teaching of the plastic! tracec 
arts in Bolton, local amateurs could benefit by) meth: 
experience of a more exciting and vital practice! of the 
which might be offered from outside. Besides’ algo g 
the provision of special courses for those con-/ probk 
ducting classes and meetings, Mr. Ruddock sug-| The 
gests that the many graduate teachers, lawyers,| were 
doctors, ministers, scientists and administrators in) fifty a 
Bolton might be encouraged to associate more freely | state 
and that executive members of local businesses would | marrig 
gain much from organized group contacts with) liye}, 
specialists in science, administration, education and) to a ]; 
social science, many of whom could be reached! the ¢¢ 
through the University Extra-Mural Department or} tained 
Bolton Technical College. ‘enume 
Prof. Waller points out that neither survey says | to his 
much about the large undifferentiated mass—what/ g sam, 
its members’ spare-time activities are, what could be womer 
done to interest them and involve them in socially) sample 
healthy and worth-while pursuits. Both surveys} more , 
support explicitly and implicitly Dr. I. Trenaman’} plete , 
conclusion, that all cultural and educational activities i marrie. 
touch only about half of the population, and that) oj, 4 
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half includes all those who have received higher 
education. It is the late school leavers who are the 
most likely to carry on cultural interests into mature 
life, and there seems good reason to believe that 
longer schooling, the sensible organization of con- 
tinuation work and youth activities and the liberal 
treatment of vocational training would all consider- 
ably affect cultural and intellectual interests in later 
life. Prof. Waller also notes Dr. Wilson’s observation 
that those of the 20-30 age group who are most 
deeply addicted to television seem to have taken no 
course since leaving school, have no connexion with 
church or voluntary society and no interest in any 
other local society and organization. Possibly only 
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MARITAL FERTILITY IN 


“HE census of 1951 was the first general census 
‘| since 1911 to include questions relating to the 
fertility of married women of England and Wales. 
The answers to these questions have been analysed 
in the fertility report which has recently been pub- 
lished (Census 1951: England and Wales. Fertility 
Report. Pp. exi+251. London: H.M. Stationery 
Office, 1959. £4 10s. net). 

The analysis of fertility movements has become of 
increasing interest to demographers and other social 
scientists for a number of reasons. In the first place, 
fluctuations in marital fertility and long-term changes 
in the fertility-rate have most important effects on 
the size and structure of the population, particularly 
in low-mortality areas like Great Britain. Secondly, 
differences in the fertility of various sub-groups of 
the population are of considerable sociological interest 
by themselves, and changes in differential fertility 
may throw important light on other aspects of social 
change. It is thus likely that questions on marital 
fertility will figure in future British censuses as a 
matter of routine. 

The growth of interest in fertility has also led to 
considerable developments in the method of analysis, 
in particular, the use of cohort analysis in which the 
fertility experience of a group of women who were 
either born or married in the same calendar year is 
traced throughout their reproductive lives. This 
method of analysis was used in the statistical reports 
of the Royal Commission on population, and is now 
also applied in the Fertility Report in discussing the 
problem of population replacement. 

The fertility questions asked in the 1951 census 
were limited to married women under the age of 
fifty at the time of the census. These were asked to 
state the date of their marriage (and their first 
“marriage, if married more than once), the number of 
live-born children, and whether they had given birth 
to a live-born child in the twelve months preceding 
; the census. In addition, the census schedule con- 
tained the woman’s age, and, if her husband was 
“enumerated on the same schedule, particulars relating 
to his occupation. In order to simplify the analysis, 
'asample of 20 per cent of the 7-4 million married 
‘Women was selected for analysis: an 80 per cent 
“sample of women aged 45-49 was taken to obtain 
more detailed data on completed fertility. A com- 
plete analysis was made of all women who had been 
married more than once, but such women constituted 
only 4-1 per cent of all married women. 
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television could induce any desire to participate in 
communal activities among this group. While the 
position of established societies and organizations 
varies—the thriving state of the Bolton branch of 
the Workers’ Educational Association contrasts with 
a decline of 12-13 per cent of the membership of the 
Rochdale branch during the past five years—all seem 
likely to gain from an improved educational system 
and a better developed service of youth. All would 
be helped by better and co-operative publicity, 
perhaps with the assistance of local authorities, and 
all would be greatly strengthened by public provision 
of central premises, available to them all without 
crippling rental charges. 


ENGLAND AND WALES 


The fertility report aims to answer three questions. 
First, what is the current level of marital fertility in 
England and Wales ? Secondly, what differences in 
fertility between various groups may be detected 
from the data ? Lastly, what are the implications of 
present trends on population replacement ? 

It will be convenient to deal with the last topic 
first. It is interesting to note official recognition of 
the fact that the question as put is incapable of being 
given a definite answer. On p. xci of the report a 
number of different hypothetical replacement-rates, 
calculated on different assumptions, are put forward, 
varying between 0-965 and 1-084. The official 
comment is that ‘‘current habits imply in the long 
run approximately full replacement of one generation 
by the next and possibly very little more” (p. xcii). 
This is a far cry from the position in the 1930’s when 
warnings about incipient rapid population decline 
were common. To be fair, however, it should be 
pointed out that women born in the early years of 
the century did not have sufficient children to replace 
themselves (women born between 1903-8 had a 
generation replacement-rate of only 0-672, those 
born between 1913-18 0-795). It is clear, however, 
that in the immediate future, violent changes in total 
numbers are unlikely. 

There are slight indications that the recovery in 
average family size after the end of the Second World 
War was slowing down in the middle ’fifties, but it 
will be necessary to wait for the 1961 census data 
before we can be certain of this. 

It is not the function of an official census report 
to speculate upon the causes of the reversal in 
fertility trends, but the chapter on differential 
fertility gives information about differentials between 
occupational groups (both the traditional five-fold 
classification and the twelve socio-economic groups), 
between different geographical areas, and also an 
analysis of fertility differences by differences in the 
ages of husband and wife. The indices studied are 
mean family size, proportion infertile and current 
fertility-rate. These figures confirm the impression 
that clerical workers, shopkeepers and the lower 
professional, administrative and managerial groups 
are now the least fertile section of the popula- 
tion, their fertility being about 20 per cent below 
that of the population as a whole. On the 
other hand, semi-skilled and unskilled manual 
workers continue to show an excess of about the 
same amount. 
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The report, of course, contains much additional 
information, some of it incidental to the principal 
topic. For the calculation of replacement-rates, a 
female nuptiality table showing the proportion of the 
female population at different ages by marital status 
had to be computed, assuming current rates of death, 
marriage and dissolution of marriage; and inter- 
esting facts emerge about the marriage habits of 
different groups of the population. 
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One hopes that the fertility questions will be 
repeated in 1961, and that the questions will be asked 
of all married women this time. It is only through 
periodic inquiries such as this that the fertility 
of the population as a whole can be adequately 
studied, and the importance of the subject warrants 
inquiries of this kind to be made at_ intervals 
more frequent than once in forty years. 

E. GREBENIK 


JOHN INNES HORTICULTURAL INSTITUTION 


ANNUAL REPORT, 1958 


HE accommodation and facilities at the John 

Innes Horticultural Institution, the annual 
report of which was recently published (Forty-ninth 
Annual Report, 1958. Pp. 44. Bayfordbury, Hert- 
ford: John Innes Horticultural] Institution, 1959. 
3s.), continue to expand. In the Department of 
Plant Breeding, much work has been carried out in 
an effort to improve the apple, with special attention 
to breeding for apple scab and apple mildew. 
Secondary emphasis has been placed on hybridiza- 
tion to fill varietal gaps. Pear—apple hybrids have 
been found to be only possible using the pear as 
female parent, and there appears to be no funda- 
mental genetic barrier to crossing the two genera ; 
however, hormone treatment is necessary for success. 
Very few of the hybrids have survived the seedling 
stage, due to rapid breakdown of root tissue. This 
weakness is only partly overcome by grafting and 
only about 2 per cent of those produced up to 1956 
have survived. It has been claimed that parental 
performance can be improved by selection combined 
with inbreeding and that undesirable characters, 
such as disease susceptibility, can be removed with- 
out impairing the general breeding behaviour of the 
original genotypes. Whether or not worth-while 
results can be obtained in this manner is contro- 
versial, but a programme of inbreeding strawberries 
has been designed to answer some of these questions. 
The results so far suggest that selfing causes a con- 
siderable loss of vigour. In practice, changes affecting 
only one character are seldom brought about by 
selection after hybridization. Such changes are more 
likely to be achieved if genetic variability can be 
produced without crossing. Experiments on in- 
creasing genetic variability of inbred lines of tomato 
by irradiation using phosphorus-32 indicate that it 
may be possible to increase quantitative variation in 
tomato by this means. 

Self-compatibility in the family Solanaceae and in 
the genus Linaria is being investigated in the 
Department of Genetics as well as the genetics of 
Coprinus lagopus. The Department of Potato 
Genetics has continued work on various aspects of 
species relationships. Until recently, breeding for 
resistance to late blight has been based on genes for 
resistance derived from S. demissum. At first, 


varieties possessing a single gene for resistance were 
satisfactory, but eventually succumbed to new races 
of Phytophthora infestans. Resistance based on field 
resistance presumably controlled by a number of 
genes is thought to be more promising. Selection of 
field-resistant varieties is slow and there is probably 
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Mal 
divis 
Mees ee . : | Rese 
scope for varieties incorporating two or three different | jane 
genes for resistance. The genetic variability of the | 8 
fungus is also being studied as well as resistance of | at 4 
potato varieties to virus X and virus Y. The! 
Department of Plant-Cell Biology has continued | Unfo 
studies on leaf growth. Observations have con- | grog 
tinued on the relative contributions of cell division | gn, 
and cell expansion to the second pair of leaves and | [,in 
the tenth leaf of Helianthus annuus. The tenth leaf” leave 
reached an area about three times greater than a / a 
leaf at the second node; on the other hand, the achic 
average volume of the cells of the tenth leaf was / geolc 
only about one-half that of the second leaf. The | jhore 
greater size of the tenth leaf is therefore due to longer | axe; 
duration of division rather than a greater final cell | itself 
size. Division continued until the leaf was more than | Asto: 
three-quarters fully grown. The results refute the | [pint 
older idea that during early development of the | jhe ¢ 
leaf, growth is due mainly to formation of new cells | 4 det 
and that after division has ceased subsequent growth | | wi 
is due to cell enlargement. It is concluded that geolo 
division and expansion do not determine leaf growth | tion 
in two distinct developmental phases. Experiments | wijjj, 
have been initiated to investigate the metabolic | who} 
activities of the shoot apex in both its vegetative | descr 
and reproductive states. Observations are recorded |) yjj] j 
on the terminal meristem of winter rye at a stage | heen 
when the reproductive state of the apex is being | synoy 
initiated. > facilit 
In the Department of Physiology and Plant | publi 
Culture much attention has been given to design of | [yd 
growth rooms which will give the highest practical | logist 
uniformity of light intensity, air temperature, air | ney , 
velocity and relative humidity in the space available | |icati, 
for plants. Attention has also been directed to Th 
maximum flexibility. From the experience gained it | the e 
has been possible to formulate the essential features | 
necessary in such growth rooms. These facilities have | _ 
been used to study the early growth and develop- | hieas 
ment of tomatoes. In all the conditions tested, > 
plants grown in compost were found to have a| | UPP 
higher growth-rate than can be obtained in vermi- Low 
culite watered with nutrient solution. The factors | _ 
involved are being studied. The light/temperature | a 
regimes in glasshouses are very important and it is | _ 1° 
hoped that a detailed study will prove of value in| | Upp 
balancing the temperature of the glasshouse (which te 
ean be controlled especially at night) with the 
amount of light received, which cannot be controlled. | _Upp 
If such a balance could be achieved, a great Mide 
economy in glasshouse-tomato production would be oan 
attained. oe 
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A REVISED CLASSIFICATION OF THE LUDLOVIAN SUCCESSION 
AT LUDLOW 


By C. H. HOLLAND 
Bedford College, University of London 


J. D. LAWSON 


University of Birmingham 


AND 


V. G. WALMSLEY 


University College, Swansea 


ECENT detailed studies of the shelf-facies of the 
| Ludlovian at May Hill’, Usk?, Woolhope*.* and 
Malvern have revealed a consistent pattern of faunal 
divisions. For some years workers in the Ludlow 
Research Group have been convinced that the same 
general pattern obtains in the type area at Ludlow. 
Unpublished work on areas to the west of Ludlow, 
at Leintwardine (J. H. McD. Whitaker) and Elton 
(B. J. Williams), has strengthened this conviction. 
Unfortunately, the published accounts of the type 
area®-§ fail to recognize the two most distinctive 
faunal divisions (Lower Bringewood Beds and Upper 
Leintwardine Beds of the proposed classification) and 
leave the other divisions inadequately defined, often 
in terms of unreliable ‘zone fossils’, such as Camaroto- 
echia nucula and Dayia navicula. A revision of the 
geology of the Silurian in the Ludlow district was, 
therefore, undertaken by us. The area investigated 
extends from Downton Gorge in the west to Ludlow 
itself and then southwards as far as a line joining 
Aston and Richard’s Castle; it lies between the 
Leintwardine area to the west and the Elton area to 
This work has been completed and 
a detailed account is being prepared for publication. 
It will include details of localities, faunal lists, and a 
geological map. Standard sections for the classifica- 


» tion will be chosen, after discussion with Mr. B. J. 
ents | 


Williams and Mr. J. H. MeD. Whitaker, from the 
whole area of the Ludlow anticline. The detailed 


io | description of these sections, excavated if necessary, 
rded | 


tage | 


will include maps, sketches and photographs. It has 
been considered necessary to present this preliminary 
synopsis of the revised classification in order to 
facilitate stratigraphical correlation in impending 
publications on other Welsh Borderland areas of 
Ludlovian rocks. Moreover, several overseas geo- 
logists have made extensive collections based on the 
new scheme and need to refer to it in their pub- 


 lications. 


The revised classification and its relationship to 
the existing scheme are shown in Table 1. 


Table 1 


PROPOSED CLASSIFICATION | PREVIOUS CLASSIFICATION 


| Upper Whitcliffe or Chonetes Flags 





Upper Whitcliffe Beds 
Lower Whitcliffe Beds 





Lower Whiteliffe or Rhynchonella 
‘lags 





. —)\ Mocktree or Dayia Shales 
Lower Leintwardine Beds 


Upper Bringewood Beds 


Upper Leintwardine Beds 





—! Aymestry or Conchidium Limestone 





Lower Bringewood Beds 
Upper Elton Beds 
Middle Elton Beds 








3 “| 
— | 


| Lower Ludlow Shales 





Lower Elton Beds - | 


The introduction of new names has not been under- 
taken lightly and raises a number of problems. 
These nine divisions in the Ludlovian succession are 
defined essentially on their characteristic faunal 
assemblages and are therefore biostratigraphical 
units’. At Ludlow, because the faunas are to some 
extent facies faunas, these biostratigraphical units 
tend to coincide with lithostratigraphical units 
(divisions defined on the basis of lithological change). 
Consequently, they are easily mappable divisions and 
it may be justifiable to consider them as formations, 
although many stratigraphers insist that formations 
should be distinguished on lithological criteria alone. 
For the kind of unit with which we are here ccn- 
cerned, the American Commission on Stratigraphic 
Nomenclature recommends the use of the term 
‘assemblage zone’. It further recommends that such 
assemblage zones be named after one of the fossils 
of the assemblage. 

There are, however, serious objections to this 
latter practice. Taxonomic revision of a fossil name 
which has been used in this way causes confusion. 
Moreover, the selection of one fossil name from the 
assemblage is liable to throw undue emphasis on the 
one chosen, even when it is made clear that it serves 
merely as a label for a whole fauna. Misunderstanding 
arises especially where, as is often the case, the 
chosen fossil actually occurs also outside the strati- 
graphical unit defined. In fact, in the succession of 
faunal assemblages outlined here it would be difficult 
to find fossils which do not range beyond the limits 
of one such unit. In the absence, at present, of a 
more satisfactory method of naming such divisions 
we prefer to use the non-committal term ‘Beds’ 
and to distinguish these by appropriate local 
place names. 

The Elton Beds are named after the village of 
Elton (SO 457 708), in the vicinity of which is the 
Elton Lane section described by Wood® in estab- 
lishing her Lower Ludlow graptolite zones. Bringe- 
wood Chase is the general name for the highest 
wooded ground (SO 458 733) between Ludlow and 
Downton Gorge, north of the Ludlow—Wigmore road. 
The name Leintwardine (after the village at SO 404 
740) is preferred to Mocktree’? because of the poss- 
ibility of these names being used for stages ending in 
-ian. Finally, Whitcliffe (SO 508 742) refers to the 
right bank of the River Teme at Ludlow, the name 
of which was used by Elles and Slater’. Its retention 
seems unlikely to cause confusion ; but it is pointed 
out that these authors included the Ludlow Bone 
Bed within their ‘Whitcliffe Flags’, while we, fol- 
lowing White’, regard this distinctive horizon as 
forming the base of the Downtonian. 

In Wood’s® classification of the Lower Ludlow 
rocks on the basis of their graptolite faunas, the 
Monograptu tumsescens zone is succeeded by the zone 





1038 NATURE 


of M. leintwardinensis, which is said to include the 
Aymestry Limestone, “above which no graptolites 
are known’’. Elles and Slater’, and later Alexander’, 
extended the recorded range of M. leintwardinensis 
into the Mocktree Shales. We have recorded M. 
tumescens from the Lower Bringewood Beds of our 
classification and have found 3A/. leintwardinensis in 
the Leintwardine Beds only. We know of no 
confirmable record of MM, leintwardinensis from 
below the Leintwardine Beds. 

The following notes are intended as a brief indica 
tion of the essential characteristics of the subdivisions 
proposed, Fossils are listed in cach case which are 
common, fairly common, or characteristically present. 
A few localities are given at which the various beds 
may be examined, 

(1) Lower Evron Beps. (Approximate thickness 
100-150 ft.) Soft, poorly bedded, shaly and flagyy, 
pale olive caleareous siltstones, with layers of lime 
stone nodules. The beds often have a speckled 
appearance due to the presence of numerous: shell 
fragments. There is a shelly fauna of Wenlockian 
aspect, in which small brachiopods and_ trilobites 
predominate. Graptolites are exceedingly rare, these 
being the ‘Barren Beds’ of the Lower Ludlow Shales*. 

Fossils ; Atrypa reticularis (Linnwus) ; Chonetoidea 
grayt (Davidson) ; Dicoelosia | Bilobites] biloba (Lin 
meus) (charactoristically present); Leptaena rhom 
boidalis (Wilekens); ~— Resserella [Parmorthis| — ef. 
elegantula (Dalman) ; Skenidioides lewisi (Davidson) 
(characteristically present); = Dalmanites vulgaris 
(Salter); Beyrichia maccoyana Jones. 

Localities : (a) Overlying Wenlock Limestone in 
old quarry (SO 4725 7300) on south side of Ludlow 
Wigmore road, about one mile north-east of Aston 
Church. The soft siltstones of the Lower Elton Beds 
contrast strongly with the nodular limestones of the 
top Wenlock Limestone. (6) Stream section (SO 
1360 7265) in wood about half a mile north-west) of 
Burrington Church. 

(2) MippLe Kvron Beps. (Approximate thick 
ness 150-350ft.)  Well-bedded, shaly and thinly 
flagyy, light olive-grey to yellowish-grey, more or 
less caleareous siltstones, with smooth, conchoidal 
fracture. Graptolites and orthoconic nautiloids pre- 
dominate. These are the Lower Ludlow Shales of the 
Monograptus nilsson’ and M. scanicus zones of Woods, 

Fossils: Chonetoidea grayi (Davidson); — Dal- 
manites vulgaris (Salter); Beyrichia maccoyana Jones ; 
Monograptus bohemicus (Barrande); WM. colonus 
(Barrande) (common); M.dubius (Suess) ; MM. nilssoni 
(Barrande) (charactoristically present) ; 17. scanicus 
(Tullberg) (characteristically present) ; 7. wneinatus 
(Tullberg) ; 17. varians (Wood); Slava [Cardiola] inter- 
rupta (Broderip) ; orthoconiec nautiloids (common). 

Localities : (a) Stream bank (SO 4785 7328) about 
580 yards south-west of Mary Knoll House, (6) Ex- 
posures in stream referred to under Lower Elton 
Beds above, for example, at SO 4338 7264. 

(3) Urrer Ervron Beeps, (Approximate thickness 
150-250 ft.) Hard, well-bedded, flaggy, light olive- 
grey, calcareous siltstones with occasional thin lime 
stone bands. These are the Lower Ludlow Shales of 
the Monograptus tumescens zone of Wood® and this 
yraptolite is the only common fossil. 

Fossils : Chonetes lepisma (J. do C. Sowerby) ; 
Lingula lata J. de C. Sowerby ; Monograptus 
tumescens Wood (common and characteristic) ; ortho- 
conic nautiloids. 

Localities ; (a) Roadside exposure at Gorsty Farm 


(SO 4785 7355). (b) Exposures in steep wooded slope 
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above River Teme (SO 431 728), about half a mile 
north-west of Burrington Bridge. 

(4) Lower Bringewoop Breps. (Approximate 
thickness 160-200 ft.)  Irregularly bedded, flaggy, 
pale greyish-olive to greenish-grey, calcareous silt - 
stones, with limestone nodules. Large brachiopods, 
particularly strophomenids, are abundant. ‘These beds 
have not previously been distinguished but have 
probably been included in the Aymestry Limestone. 

Fossils ; Atrypa reticularis (Linnwus); Brachyprion 
sp. nov. ; Dalmanella orbicularis (J. de C. Sowerby) ; 
Gypidula lata Alexander; Leptaena rhomboidalis 
(Wilekens) ; Leptostrophia filosa (J. de C. Sowerby) ; 
Shaleria sp. nov.; Sphacrirhynchia [Wilsonia] wilson? 
(J. Sowerby); Strophonella euglypha  (Hisinger) ; 
Strophonella funiculata (McCoy) ; Dalmanites vulgaris 
(Salter) ; Poleumita globosa (Schlotheim) ; bryozoa. 

Localities : (a) Old quarry on south side of Ludlow 
Wigmore road (SO 4825 7373), about 140) yards 
north-cast of Mary Knoll House. (6) (SO 4940 7265) 
Sections 200 yards north-west of Sunnyhill Cottages. 

(5) Urrer BrinGewoopv’ BEps. (Approximate 
thickness 40-150 ft.) Hard, irregularly bedded, 
flagyy and nodular, greenish-grey silty limestones or 
grey limestones, with thin shaly partings at intervals 
of several feet. The fauna is similar to that of the 
Lower Bringewood Beds, but strophomenids are Jess 
abundant, whereas Conchidium knightii and com- 
pound corals become common. These beds con 
stitute the familiar Aymestry Limestone as seen at 
Avmestrey and View Edge. 

Fossils; Atrypa reticularis (Linniweus) (common) ; 
OConchidium knightii (J. de C. Sowerby) (character- 
istically present); Gypidula lata Alexander ; Leptaena 
rhomboidalis (Wilekens) ; Sphaerirhynchia |Wilsonia] 
wilsoni (J. Sowerby) ; Strophonella euglypha (Hisin- 
ger) (common); Farosites sp. (characteristically 
present); Helvolites sp. (characteristically present) ; 
solitary corals; stromatoporoids (characteristically 
present) ; erinoid columnats. 

Localities ; (a) Old quarry (SO 4851 7370) at north 
end of Mary Knoll. (6) Kast side of River Teme just 
south of Bow Bridge (SO 4306 7313). 

(6) Lower LEINTWARDINE Beps. (Approximate 
thickness 100 ft.) Flaggy, light olive-grey, calcareous 
siltstones, with bands of shelly limestone which 
weather to dark — yellowish-brown — rottenstones. 
Brachiopods are abundant, but many species char- 
actoristic of the Bringewood Beds have disappeared 
(for example, Conchidium knightii, Gypidula lata, 


* Strophonella euglypha) ; corals and stromatoporoids 


are also absent. These beds are roughly equivalent 
to the Dayia or Mocktree Shales of Elles and Slater’. 
Atrypa reticularis (Linniwus) (common) ; 
Camarotoechia |Rhynchonella| nucula (J. de ©, 
Sowerby) ; Chonetes lepisma (Jd. de C. Sowerby) 
(common) ; Dalmanella orbicularis (J. de C, Sowerby) 
(common); Dayia naricula (J. de C. Sowerby) 
(common) ; Leptaena rhomboidalis (Wilekens) ; Lin- 
qula lata J. de ©. Sowerby; Shaleria ornatella 
(Davidson) (common in the higher beds); Sphaeri- 
rhynchia |Wilsonia| wilsont (J. Sowerby) (common) ; 
Monograptus leintwardinensis Lapworth (character- 
istically present). 

Localities : (a) Quarry at Sunnyhill Cottages (SO 
4954 7253). (b) Old quarry (SO 4375 7307) at top of 
wooded scarp of Burrington Hays showing Lower 
Leintwardine Beds on Upper Bringewood Beds. 
(c) Deep roadside quarry (SO 4910 7399), about 
1,050 yards ecast-north-east of Mary Knoll House, 
showing uppermost Lower Leintwardine Beds. 
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(7) Upper LEINTWARDINE BeEps. (Approximate 
thickness 5-20 ft.) Irregularly bedded, flaggy, light 
olive-grey, calcareous siltstones, with an abundant 
and most distinetive faunal assemblage. There are 
everal trilobite species and an overlap of the 
brachiopod faunas characteristic of the lower and 
upper parts of the succession. Thin ‘biscuity’ dark 
yollowish-brown layers, crowded with Beyrichia 


lauensis and Chonetoidea grayi are characteristic of 


exposures in the western part of the district. This 
important division was not recognized by previous 
authors but appears to have been for the most part 
included in the Dayia ovr Mocktree Shales of Elles 
and Slater’. 

Fossils ; Camarotoechia |Rhynchonella| nucula (J. 
de C. Sowerby); Chonetes striatellus  (Dalman) ; 
Chonetoidea grayt (Davidson) (common in the west) ; 
Dalmanella lunata (J. de C, 
(J.deC. Sowerby); Leptaena rhomboidalis (Wilekens) ; 
NShaleria ornatella (Davidson) (common in the east) ; 
Calymene neointermedia RK. and KK. Richter (charac 
teristically present);  Mnerinurus  sp.; — Proetid 
trilobite ; Beyrichia lauensis Kiesow (characteristic 
ally present). 

Localities ; (a) Small roadside exposure (SO 4925 
7406) about three-quarters of a mile east-north-east 
of Mary Knoll House. (6) Small old quarry (SO 
1542 7370) above Forestry Commission track which 
leads from (SO 4595 7405) near Deepwood south 
wooded 


Sowerby) ; D. orbicularis 


wards, and then westwards across the 
‘lopes of Bringewood Chase, Other small exposures 
by this track are at SO 4550 7371 and SO) 4588 
7374. 

(8) Lower Wuatirenires  Beps. (Approximate 
thickness SO ft.) Irregularly bedded, massive or 
thickly flaggy, olive-grey to dusky-yvellow, calcareous 
siltstones, with occasional calcareous nodules and 
with contorted siltstones at the top. Fossils are not 
abundant. Many of the brachiopods characteristic of 
the Leintwardine Beds have disappeared and mol- 
lusca have become important. These beds are the 
Lower Whitcliffe or Rhynchonella Flags of Kies and 
Slater’, 
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Fossils ;: Camarotoechia [Rhynchonella] nucula (J. 


de CC. Sowerby) (common); Chonetes — striatellus 
(Dalman) (small form commonest) ; Dayia navicula 
(J. de C. Sowerby) (common in certain beds only) ; 
Fuchsella [Orthonota] amygdalina (J. de C. Sowerby) ; 
Michelinoceras |Orthoceras| imbricatum (Wahlenberg) ; 
Serpulites longissimus J. de C. Sowerby. 

Localities : (a) Roadside exposure (SO 4940 7413) 
just over three-quarters of mile north-east of Mary 
Knoll House. (6) Quarry (SO 4973 7247) about 300 
vards cast-south-east of Sunnyhill Cottages, with 
Dayia navicula fairly common, (¢) Old quarry at 
western side of Hay Mill (SO 4348 7351) and ex 
posures in south bank of River Teme cast of the mill 
for about one-third of a mile. 

(9) Upper Waire.irrg Beps. (Approximate thick 
ness 100 ft.) Well-bedded, flaggy, light olive-grey to 
dusky yellow, calcareous siltstones, with shelly lime 
stone bands. Fauna similar to that of the Lower 
Whitcliffe Beds but) brachiopods have become 
abundant. These are the Upper Whiteliffe or 
Chonetes Flags of Elles and Slater’. 

Fossils : Camarotoechia |Rhynchonella| nucula (J. 
de (. Sowerby) (common);  Chonetes — striatellus 
(Dalman) (common); Dalmanella lunata (J. de C. 
Sowerby) (common); Beyrichia kloedenit MeCoy var. 
torosa Jones; Fuchsella {|Orthonota| amygdalina (J .deC, 
Sowerby); Pteronitella cf. retroflexa (Wahlenberg) ; 
Michelinoceras |Orthoceras|  bullatum (J. de ©. 
Sowerby) ; Serpulites longissimus J. de C. Sowerby. 

Localities : (a) Whiteliffe (SO 5095 7415) on right 
bank of River Teme at Ludlow. (6) Exposures above 
eastorm bank of River Teme south-westwards from 
Downton Castle Bridge, for example, at SO 4416 7411. 
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EFFECT OF SOME NEUROMUSCULAR BLOCKING AGENTS 
ON MITOCHONDRIAL ENZYME SYSTEMS 


By Dr. J. H. KOCH and Dr. C. H. GALLAGHER 
McMaster Laboratory, C.S.I.R.O., Parramatta Road, Glebe, N.S.W., Australia 


been: pyrrolizidine alkaloids lasiocarpine and 
heliotrine have been shown! to block impulse 
transmission across neuromuscular junctions. These 
alkaloids also inhibit: oxidations by pyridine mucleo- 
tide-dependent dehydrogenases of liver mitochondria 
in vitro®, The same structural locus on the alkaloid 
molecule appears to be responsible for inhibition of 
impulse transmission and of mitochondrial oxidations. 
As the N-oxides of lasiocarpine or heliotrine affect 
neither transmission at neuromuscular junctions nor 
the activity of mitochondrial enzymes, the inhibitory 
locus is likely to be the nitrogen atom of the cyclic 
nucleus. The neuromuscular blocking action of 
pyrrolizidine alkaloids resembles the activity of 
d-tubocurarine in certain respects. — d-Tubocurarine 
contains two quaternary nitrogen: atoms as the 


inhibitory centres and it was of interest to determine 
whother this alkaloid also inhibited mitochondrial 
enzyme systems. For similar reasons the effect on 
mitochondria of dl-tris-1 + 10-phenanthroline — ruth- 
enium (11) perchlorate [Ru(phen)! !], a complex 
ion’, was investigated. 

Ru(phen).! has been shown to exert a curare 
like effect at the neuromuscular junction’. This 
cation is a co-ordinately saturated metal chelate of 
high chomical stability and does not contain specific 
active groups or centres. Any biological activity 
which it may have is thus of a physical nature and 
is referable to tho charge it carries*®, 

In common with lasiocarpine and heliotrine, both 
d-tubocurarine and Ru(phen)! + were found to 
inhibit én vitro the activity of mitochondrial enzyme 
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Table 1. INHIBITION OF L-MALATE OXIDATION AND EFFECT OF CO-FACTORS 
Interval oxygen uptake (y1.) 
| Time | | d-Tubocurarine Ru(phen),** Control d-Tubocurarine | Ku(phen),;** 

| (min.) Control 0-001 M j 0-0005 M +co-factors | 0-001 M +co-factors| 0-0005 M +co-factors 
——————| —| - wo ---—} 
10 45 42 45 51 54 57 | 
| } 
Side-arm contents tipped and equilibrated for 10 min. | 
10 39 27 21 | 54 48 | 45 | 

20 24 9 9 42 36 39 

30 21 6 rf 42 | 27 30 

40 18 0 | 0 42 30 | 36 








System : Adenosine monophosphate 0:001 M ; magnesium sulphate 0-0067 M ; potassium chloride 0-025 M ; cytochrome c0-00001 M ; 
NaK phosphate buffer, pH 7-4,0-0133 M; L-malate 0-01 M ; water to 3 ml. final volume; mitochondria equivalent to 100 mgm. fresh liver 
added in 0-25 M sucrose ; temperature 38° C.; gas phase air; equilibration period 10 min. ; 0-1 ml. 20 percent potassium hydroxide in 
centre well to absorb carbon dioxide. Inhibitors and water (control flasks) added from side-arms after 10 min. incubation. Co-factors : 
diphosphopyridine nucleotide 0:0005 M and reduced glutathione 0-00067 M added in nicotinamide 0:04 M. 


systems which require pyridine nucleotides for elec- 
tron transfer. The oxidations of citrate, L-glutamate, 
x“-oxoglutarate, L-malate and octanoate, all of which 
are dependent on pyridine nucleotide, are inhibited by 
d-tubocurarine and Ru(phen)+ + as well as by lasio- 
carpine and heliotrine. On the other hand, the 
activity of the succinoxidase system which does not 
require a pyridine nucleotide is increased in mito- 
chondria suspended in 0-25 M sucrose by each of the 
agents. 

Experimental results are recorded in Table 1 to 
show the concentrations necessary to produce 
inhibition of L-malate oxidation, the rate of develop- 
ment and degree of inhibition and the significant 
reversal of inhibition obtained by supplementing the 
reaction mixture with diphosphopyridine nucleotide, 
nicotinamide and reduced glutathione. 

Clearly these agents inhibit mitochondrial enzyme 
systems by causing the loss or inactivation of pyridine 
nucleotides and, possibly, other respiratory co-facturs. 
Such an effect could result from increased perme- 
ability of mitochondrial membranes allowing diffusion 
of soluble co-factors from the particles. 

Mitochondrial permeability may be assessed spec- 
trophotometrically by measuring at 340 my the rate of 
production of reduced diphosphopyridine nucleotide 
from diphosphopyridine nucleotide added externally 
to intact mitochondria oxidizing a diphosphopyridine 
nucleotide-dependent substrate®.’. The rate of 
reduction of diphosphopyridine nucleotide is directly 
proportional to the permeability of the mitochondrial 
membrane to the passage of diphosphopyridine 
nucleotide into the particle. No effect of heliotrine, 
lasiocarpine, d-tubocurarine or Ru(phen)# on 
mitochondrial permeability could be demonstrated 
using this system. However, it was realized that the 
experimental conditions were very different from 
those obtaining in the system used for respiratory 
experiments. Mitochondria re-isolated from a 
respiratory experiment in which they were subjected 
to 0-001 M d-tubocurarine or 0-0067 M lasiocarpine 
were found to be more permeable to the entry of 
diphosphopyridine nucleotide than incubated control 
mitochondria. More simply, it was possible to 
demonstrate an effect of the alkaloids on mitochon- 
drial membrane permeability in the following manner. 
Mitochondria equivalent to 800 mgm. of fresh rat 
liver were suspended in 5 ml. of 0:25 M sucrose 
containing 0-01 M t-malate and 0-001 M d-tubo- 
curarine or 0-01 M lasiocarpine and placed in an 
incubator at 37° C. for 30 min., during which time 


the temperature of the reaction mixture rose to 
32° C. The mitochondria were re-isolated by centri- 
fugation after the addition of 35 ml. ice-cold 0-25 M 
sucrose and resuspended in 0-25 M sucrose or water 
as required. 


Permeability of the mitochondria was 


then assessed by the spectrophotometric method*. 
Fig. 1 shows that incubation in the presence of 
lasiocarpine or d-tubocurarine increases the perme- 
ability of mitochondrial membranes to the passage 
of diphosphopyridine nucleotide. The initial dif- 
ferences in optical density at 340 mu of the curves 
in Fig. 1 are due to reduction of diphosphopyridine 
nucleotide at different rates during the short time 
between adding the enzyme and taking the first 
reading. Suspension of mitochondria in water 
instead of 0-25 M sucrose abolishes selective semi- 
permeability of the membranes and also the effect 
of both the alkaloids. 

Finally, it was possible to show that mitochondrial 
permeability increases rapidly under the oxidizing 
conditions of respiratory experiments and is present 
at the time oxidative inhibitions by the pytrolizidine 
alkaloids, d-tubocurarine or Ru(phen)++ are ex- 
pressed. The observation was made that each of 
these agents stimulated the oxidation of succinate 


0-16 + 





0-12 [ Pi . ie 


Optical density (340 my) 


0-08 5 azar 


0-06 


0-02 


5 10 15 20 
Time (min.) 


Fig. 1. Reduction of diphosphopyridine nucleotide by liver 
mitochondria in 0-25 M sucrose. Mitochondria preincubated 
with: (a) L-malate 0:01 M; (6) L-malate 0-01 M + d-tubocura- 
rine 0-001 M; (c) L-malate 0:01 M + lasiocarpine 0:01 M; 
(d) no addition. System: NaK phosphate buffer, pH 7:8, 
0-033 M; potassium chloride 0-025 M; magnesium sulphate 
0:0067 M; L-malate 0-05 M; semicarbazide hydrochloride 
(neutralized) 0-17 M; diphosphopyridine nucleotide 0-:0015 M ; 
potassium cyanide 0:0002 M; enzyme, 50 wl. 1 per cent mito- 
chondria (rat liver) in 0-25 M sucrose; final volume 3 ml.; 
gas phase air; temperature 22° C. 
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Table 2. EFFEOT OF d-TUBOCURARINE, LASIOCARPINE AND DIPHOs- 
PHOPYRIDINE NUCLEOTIDE (DPN) ON SUCCINATE OXIDATION 


Ne. 4692 








= 


Interval oxygen uptake (yl.) 
Time | d-Tubo- Lasio- 
(min.),Con-| d-Tubo- Lasio- curarine carpine 


trol | curarine  carpine | DPN, 0-001 M | 0-0067 M 
+ DPN 





| 0-001 M | 0-0067 M + DPN | 

10 | 66 64 75 62 21 | 36 | 

20 59 65 76 41 18 32 | 
51 33 14 26 


30 40 50 
| | 
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System: As Table 1 with succinate 0-01 M as substrate and all 
flask contents in main chamber. 
by mitochondria in 0-25 M sucrose. This was thought 
possibly to be due to increased permeability of mito- 
chondrial membranes allowing the loss of mito- 
chondrial diphosphopyridine nucleotide and thus 
preventing the production of oxaloacetate which in 
low concentration inhibits succinic dehydrogenase 
specifically’. The suggestion received strong support 
from the lack of any effect of lasiocarpine, heliotrine 
or d-tubocurarine on succinate oxidation by mito- 
chondria in water, which would not be producing 
oxaloacetate. Conclusive evidence was obtained by 
the addition of diphosphopyridine nucleotide to 
mitochondria oxidizing succinate in the presence of 
each of the agents. Diphosphopyridine nucleotide 
added externally to intact mitochondria enters the 
particles slowly unless the permeability of mito- 
chondrial membranes is increased. Succinate oxida- 
tion by mitochondria in 0:25 M sucrose was slightly 
inhibited by the addition of diphosphopyridine 
nucleotide alone but was rapidly and greatly inhibited 
by the combination of diphosphopyridine nucleotide 
and any one of the agents (Table 2). When mito- 
chondria were suspended in water, diphosphopyridine 
nucleotide produced maximum inhibition of succinate 
oxidation alone and lasiocarpine, heliotrine or d-tubo- 
eurarine did not affect the rate of oxidation when 
added to systems with or without diphosphopyridine 
nucleotide. Similarly, the addition of 0:0004 M Cat + 
to mitochondria in 0-25 M sucrose stimulates succinate 
oxidation by increasing mitochondrial permeability 
and facilitates penetration of the particles and 
inhibition by added diphosphopyridine nucleotide. 
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Table 2 shows typical experiments with d-tubocurarine 

and lasiocarpine ; similar results were obtained with 
heliotrine and Ru(phen)++. It is clear that each of 
the agents increases the permeability of mitochon- 
drial membranes to the entry of diphosphopyridine 
nucleotide. 

The effect of pyrrolizidine alkaloids, d-tubocurarine 
and Ru(phen);++ on mitochondrial diphospho- 
pyridine nucleotide is being investigated and will be 
reported elsewhere. 

It is thus shown that these three types of chem- 
ically dissimilar compounds have actions in common 
on neuromuscular junctions and on liver mitochon- 
dria. At each site selective semi-permeable membranes 
are involved. We suggest that the mechanism of 
action of the agents may be identical at the neuro- 
muscular junction and on mitochondrial membranes 
and, further, that, as the biological activity of 
Ru(phen)++ is due only to the charge carried, the 
activities of pyrrolizidine alkaloids and _ d-tubo- 
curarine may also be referable to the charge carried 
on the nitrogen atoms. 

We wish to thank Dr. Price and Dr. Culvenor, of 
the Chemical Research Laboratories, for preparing 
the pyrrolizidine alkaloids, and Dr. Dwyer, of the 
National University, Canberra, who prepared 
dl-tris-1:10-phenanthroline ruthenium (II) _ per- 
chlorate. We acknowledge gratefully the skilled and 
careful technical assistance of Miss Flint-Gallé and 
Miss Mann. 
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EFFECT OF DIETARY FAT AND EXTENT OF BLOOD SAMPLING 
ON THE LEVEL OF PLASMA CHOLESTEROL IN THE RAT 


By |. COLEMAN* and J. M. R. BEVERIDGE 


Department of Biochemistry, Queen’s University, Kingston, Ontario, Canada 


N the course of an investigation of the effect of 

certain dietary fats on the plasma cholesterol-level 

of the white rat, increases in the level of this substance 

were found which were at first attributed to the effect 

of dietary fat but which, on further study, were found 

to be due to the combination of this component and 
the frequency and extent of blood sampling. 

Male white rats were placed on formula diets 
similar to those used by Beveridge et al.! in studies 
on man. Fat supplied 28-4 and 58-5 per cent total 
calories, protein, 16-9 per cent. Plasma cholesterol 
determinations were made by the method of Sperry 
and Webb? modified to permit duplicate determ- 


* Present address: Defence Research Board, Kingston Laboratories, 
Barriefield, Ontario, Canada. 





inations on 0-1 ml. of rat plasma. Blood samples 
were taken by tail section, using powdered heparin 
as the in vitro anticoagulant. 

In Table 1 are shown the effects of varying dietary 
fat and blood sampling procedure on plasma chole- 
sterol-levels. In experiment 1, groups maintained on 
a high and a moderate fat intake were compared with 
those receiving their stock diet of ‘Purina’ fox chow. 
Blood samples of 2-3 per cent of total blood volume 
were taken from all groups on alternate days for the 
first 8 days, and weekly thereafter. At the end of 
35 days of feeding, the groups receiving corn oil 


showed a highly significant increase in plasma 
cholesterol, while those on fox chow remained 
unchanged. The group receiving a high fat intake 








1042 NAT 


URE 


October 3, 1959 vou 184 


Table 1. EFFECT OF DIETARY FAT AND EXTENT OF BLOOD SAMPLING ON PLASMA CHOLESTEROL-LEVEL IN THE RAT 











Experi- Blood Number 
| ment sampling procedure | Diet of 
ao; 4 | | 
} 1 | Blood sample of 2 per cent blood | HU 14 | 
| | volume taken on alternate days MC 14 } 
for the first 8 days and weekly Chow 14 
| thereafter 
| | 
2 | Blood sample of 0-5-1-0 per cent | HC 30 | 
| blood volume taken on firstand | FF 30 | 
final days only | 
; 
3 | Blood sample of 1-1'5 per cent | HC 20 
| blood volume taken onalternate | FF 20 
| days for 6 days \ 
' 
| | 
4 | Blood sample of 2-5-4 per cent HC 15 
blood volume taken on alternate FF 15 


days for 6 days 


animals |(mgm./100 ml. )| (days) | (mgm./100 ml.) | change | 


Initial mean | 


Final plasma | Av. group | 
cholesterol | percentage | as 


Duration | 
of test 


plasma 
cholesterol 


<0-01 





805+ 6-9 35 96-5412-3 +205 | 
757+ 9°3 35 86-2+ 9-9 +135 | <0-01 
76°4+ 9°5 35 766+ 7°8 +0°3 Non-sig. 
| | 
64-°8412-4 14 6464124 | —0-3 | Non-sig. 
75-44 9-4 14 70-2+:12-4 —6-9 | Non-sig. 
| 
73-7111 | 6 | 96-6410-7 +311 | <0-01. 
71-8£11°7 6 78°8415-7 +98 | Non-sig. 
! } 1 
67-2+14°3 6 150-0+18-0 4-122 +4 <0-01 
67-7412°8 | 6 107 7 +27-2 +59-0 <0-01 


| 
| 
| 

| 








Diets used: HC, corn oil, 53-5 per cent cal.; MC, corn oil, 28°4 


demonstrated an increase of 20-5 per cent, while 
those on a moderate intake increased only 13-5 per 
cent during this period, the difference being highly 
significant. 

This elevation in plasma cholesterol of the groups 
fed corn oil was paralleled by other groups receiving 
formula diets containing butter, beef dripping, 
eoconut oil and corn oil supplemented with chole- 
sterol to equal the concentration present in butter (not 
here reported). In each case the elevation in plasma 
cholesterol was dependent on the concentration at 
which the fat was fed and not upon the nature of the 
fat. Because of the consistency of the hyper- 
cholesterolemia with all fats examined and_ the 
gradation of response in proportion tu the level at 
which the fats were supplied, it appeared certain that 
tne increase in plasma cholesterol was dependent 
solely upon the presence of dietary fat. 

However, repetition of the study in the second 
experiment, in which the group fed corn oil was 
compared with the more suitable control group 
consuming fat-free formula rather than fox chow, 
failed to reveal any change in plasma cholesterol after 
14 days. The animals had blood samples of 0-5 
1-0 per cent of total blood volume removed only at 
the start and conclusion of the test. The only 
difference in the conditions of the first two experiments 
that appeared to offer any rational basis of explana- 
tion for the apparently divergent results was the 
difference in the extent and frequency of blood 
sampling. This was, at first, regarded as unlikely, 
since no reports of hemorrhage causing a lipemia in 
the rat similar to that described for the rabbit and 
guinea pig could be found in the literature. 

However, in experiment 3, a group of rats fed a 
diet supplying 58-5 per cent of total calories in the 
form of corn oil was compared with a similarly 
matched group on a fat-free diet. Both were sub- 
jected to bleeding on alternate days for a period of 
6 days, during which blood samples of 1-1-5 per cent 
of total blood volume were taken. The group on the 
high-fat ration showed an increase in plasma chole- 
sterol of 31-1 per cent during this period, while those 
on the fat-free diet showed no significant change. An 
increase in the amount of blood taken to 2-5-4 per 
cent of total blood volume, in experiment 4, produced 
an increase in plasma cholesterol of 122 per cent in 
the animals on the high fat intake. Even animals on 
the fat-free diet showed an increase of 59 per cent. 

It was now apparent that the hypercholesterolemia 
found in experiment 1 could not be attributed to an 





per cent cal.; FF, essentially fat-free ; Chow, ‘Purina’ fox chow. 


uncomplicated response to dietary fat, but was the 
product of both dietary fat and the degree of hamor- 
rhage to which the animals were subjected. Under 
conditions of low bleeding stress, a high fat diet, as 
in experiment 2, caused no change in plasma 
cholesterol. When bleeding was increased to 1— 
1-5 per cent of total blood volume on alternate days 
for 6 days (experiment 3), a high corn oil diet pro- 
duced a significant increase in plasma cholesterol, 
although the animals on a fat-free diet and under 
the same conditions of bleeding showed no change. 
Thus the hypercholesterolemia is a combined effect 
of diet and hemorrhage. When bleeding stress was 
increased to 2-5-4 per cent of blood volume on 
alternate days for 6 days, highly significant increases 
in plasma cholesterol resulted in both the high-fat 
and fat-free groups. These results, therefore, clearly 
indicate that the hypercholesterolemia due to severe 
hemorrhage does not depend solely on the presence 
of dietary fat although it is augmented by the 
latter. 

This response of the rat to bleeding stress and 
dietary fat has not, to our knowledge, been 
previously reported. It is suggestive of the lipemia 
of hemorrhage obtained in the rabbit?.4 and guinea 
pig®*. There is a difference, however; Spitzer?, on 
investigating the lipemia produced in rabbits on a 
high-fat diet, found it necessary to bleed to 10-15 per 
cent of blood volume on successive days to elicit the 
response, and also found that the animal recovered 
in about the same time necessary to induce the 
hyperlipemia. The rats were never bled more 
severely than 2-5-4 per cent of blood volume on 
alternate days to produce the hypercholesteroleemia 
on high-fat diets, and from experiment 1 there is 
evidence that these elevations in plasma cholesterol 
are maintained for periods of time as long as 5 weeks 
after the period of severe bleeding. 

Although no substantiated explanation of this 
phenomenon can be advanced at the present time, 
we wish to bring it to the attention of other workers 
in this field as a possible explanation of some of the 
conflicting reports on the effect of dietary fat on the 
plasma cholesterol-level of the rat. 

? Beveridge, J. M. R., Connell, W. F., and Mayer, G. A., 
Biochem. and Physiol., 84, 441 (1956). 

* Sperry, W. M., and Webb, M., J. Biol. Chem., 187, 97 (1950). 

3 Boggs, D. A., and Morris, J. W., J. Exp. Med.,11, 553 (1909). 

* Horlicki, Y., J. Biol. Chem., 44, 363 (1920). 

5 Feigl, J., Biochem. Z., 115, 63 (1921). 

* Bloor, W. R., J. Biol. Chem., 49, 201 (1921). 

? Spitzer, J. J., J. Lab. and Clin. Med.. 46, 461 (1955). 
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HAMOGLOBIN 


By Dr. M. FABER and Dr. |. FALBE-HANSEN 


Finsenlaboratoriet, Finseninstitutet og Radiumstationen, Kobenhavn 


r|XHE existence of nonhem iron in erythrocytes 


from peripheral blood has long been a matter of 


dispute. The presence of iron receptors has been 
suggested by Walsh et al.1 and Jandl et al.? have 
shown in experiments with radioactive iron that 
reticulocytes take up iron in vitro and that this iron 
is bound to the stroma and incorporated into hem. 
Recently, Bernard et al. and Lambrechts and 
Thimus! have found nonhzem iron fairly constantly in 
erythrocytes from normal and pathological human 
blood as the difference between total iron and hemo- 
globin iron. The presence of nonhwm iron in the 
stroma of immature red cells in bone marrow has 
been demonstrated by electronmicroscopy*:*. 

The purpose of the present work has been to 
verify the existence of nonhzem iron in the stroma of 
normal, mature red cells and demonstrate its sig- 
nificance in hemoglobin synthesis by means of in 
vivo experiments with radioactive iron. 

A modification of the method of successive hamo- 
lysis used by Hillier and Hoffman? for preparetion 
of hemoglobin-free red cell ‘ghosts’ for electron- 
microscopy was chosen. The ghosts appeared greyish- 
white, and no hemoglobin could be demonstrated 
spectrophotometrically ; but there was still a faint 
positive benzidine reaction. 

Estimations of stroma iron were carried out on 
blood samples taken for ten successive days from a 
patient with recently diagnosed genuine hemo- 
chromatosis. The disease was mild, and the patient 
may be regarded as hematologically normal. The 
iron contents of ghosts prepared from 16 ml. of 
packed red cells ranged from 4ly to 125y with an 
average of 76y. A few determinetions on ghosts 


800 


TS 


¢.p.m./mgm 
~ 
S 
So 





Days 


Fig. 1. 


] Incorporation of iron-59 in hemoglobin and stroma iron 
in a patient with genuine hemochromatosis. 


O— O, hemoglobin 


iron; O--—-O, nonhem iron. 





from normal humans and rabbits gave values within 
the above-mentioned limits. 

In order to estimate the significance of this stroma 
iron in hemoglobin synthesis this patient was given 
8-5 uc. iron-59 intravenously. Blood samples were 
taken daily, and after determination of the amount 
of stroma iron, this was electroplated on copper disks 
and the 8-radioactivity measured by a Geiger—Miiller 
tube. As will be seen from Fig. 1, the specific act- 
ivity of the stroma iron was higher than that of 
the hemoglobin iron on the first day after adminis- 
tration of iron-59, but lower on the following days, 
quickly reaching constant values of about one-third 
of the specific activity of hemoglobin iron. Owing 
to the very low counting rate on the first day it was 
deemed necessary to explore this early phase further. 

Four female rabbits of the same age and weight 
were injected intravenously with about 10 we. iron-59 
each. The animals were killed after 1, 2, 5 and 22 hr., 
respectively, and a sufficient amount of blood to 
provide 16 ml. of packed erythrocytes was obtained 
from each animal. Stroma iron and radioactivity was 


determined as previously. The results appear in 
Table 1. 
Table 1 
Hours Stroma iron in Specific activity | Specitic activity 
after |} yperl6ml. | ofstromairon of hemoglobin 
injection packed (¢.p.m./mgm. iron (¢.p.m./mgm.} 
of iron-59 | erythrocytes iron) iron) 
1 84 550 370 
. 2 98 13,540 3,780 
5 75 2,020 5,75 
22 80 2,060 9,199 


There is a very high rate of incorporation in the 
stroma iron of the erythrocytes released during the 
first hours, but already after 5 hr. the specific activity 
of hemoglobin is higher than that of stroma iron. 
These findings strongly support the view that stroma 
iron acts as an intermediate between transport iron 
of plasma and hemoglobin. 

That this transfer mechanism may be_ blocked 
artificially appears from the results of Bénard et al.* 
and Jandl et al.2, who show by means of iron-59 that 
there is practically no synthesis of hem 7m vitro in 
blood containing lead ions. That a similar blocking 
may be an important factor in certain anemias is 
seen from an experiment performed on a patient 
with severe anemia, characterized, after splenectomy, 
by a considerable amount of siderocytes in the peri- 
pheral blood. The anzmia was probably of the type 
described by Dacie et al.*. This patient was given 
14-3 ue. iron-59 intravenously and a week later the 
specific activities of stroma iron and hemoglobin iron 
were estimated. Despite the considerable period of 
time which had elapsed since the administration of 
iron-59 the specific activity of stroma iron was more 
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than four times higher than that of hemoglobin iron. 
the specific activities being 1,660 c.p.m./mgm. iron and 
360 ¢.p.m./mgm. iron, respectively. This strongly 
supports the view that blocking of the transport 
system of iron in the stroma of red blood cells may 
play an important part in this anemia. 

The chemical nature of the stroma iron is still 
unknown ; but experiments which are in progress in 
this laboratory indicate that it may, at least in part, 
consist of ferritin. 
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EXTREME SENSITIVITY OF GERMINATION AND PHOTOPERIODIC 
REACTION IN THE GENUS CHENOPODIUM 
(TOURN.) L. 


By Dr. BRUCE G. CUMMING 


Plant Research Institute, Central Experimental Farm, Ottawa 


LANTS of Baeria chrysostoma’ and Pharbitis nil? 

are known to respond to photoperiod at a very 
early stage in growth. Chenopodium rubrum L. 
particularly valuable as an experimental plant since 
floral initiation can occur very rapidly when seed is 
germinated under 8-hr. short days in Petri dishes’. 
In addition, one photo-inductive short day may 
initiate floral formation (as shown in NXwanthium 
pennsylvanicum! and Pharbitis nil*), while, in 
germination, there are red/infra-red and red/blue 
reversal effects (as shown in lettuce®*).  Further- 
more, there is marked sensitivity to temperature in 
germination. 

Detailed comparisons of flowering have been made 
between selections of four species of Chenopodium : 
(a) C. rubrum L.; (b) C. salinum, Standley (syn. C. 
glaucum var. salinum (Standley) Boivin); (c) C. 
glaucum L. (syn. C. glaucum L. var. glaucum Aellen) ; 
(d) C. album L. Under 8-hr. short days, with alter- 
nating temperatures of 15° C. for 16 hr. in darkness 
and 25° C. for 8 hr. in light of 1,200 foot-candles 
(fluorescent combined with incandescent), thet is, 
15-25° C., the least number of days from seed im- 
bibition (on moistened filter paper in Petri dishes) to 
visible floral formation, has been, in species (a) 6, 
(b) 12, (c) 20, (d) 36. The corresponding minimum 
true leaf numbers were in species (a) 2, (b) 2, (c) 2-4, 


(d) 4. Alternating temperatures of 15-25° C. to 
20-30° are optimal for floral initiation in these 
species. Floral initiation may occur under intensities 


as low as 150 foot-candles (fluorescent combined with 
incandescent), although less rapidly. Fig. la illus- 
trates 100 plants of C. rubrum 17 days after im- 
bibition under 8-hr. short days, with light of 250 
foot-candles (fluorescent), alternating temperature 
15-25° C.; 90 per cent of the plants showed floral 
formation. Fig. 1b illustrates one of these plants 
when 21 days old; the two true leaves and four 
perianth members were very rudimentary ;_ there 
were no stamens but the ovary produced a single 
viable seed after cross-pollination. 

Nutrients markedly influence the amount of 
growth and floral formation, but the response is 
different between species. For example, under 8-hr. 


short days with light of 1,200 foot-candles (fluorescent 
combined with incandescent) and alternating tem- 
perature of 23—28° C., the minimum true leaf numbers 
of plants grown in Petri dishes, with water as com- 
pared with Hoagland’s solution, were, in species (a) 2 
versus 2, (b) 2 versus 4, (c) 2-4 versus 4-6, (d) 4 
versus 9-10, respectively. Soil gave results similar 
to Hoagland’s solution with an even greater leaf 
number occurring in C. album. The amount of floral 
formation was also proportionately much greater 
when nutrients were supplied, and stamen formation 
occurred even on some plants of C. rubrum (Fig. 1c). 
These results provide further evidence that the con- 
cept of minimum leaf number must be treated with 
circumspection’. 

Wide differences in photoperiodic sensitivity be- 
tween these species are shown under 20-hr. long days 
or continuous light, when plants are grown in soil. 
C. album and C. glaucum will flower, although less 
rapidly than under short days. In contrast, C. 
rubrum, under 20-hr. long days, at a temperature of 
approximately 24° C., has remained vegetative 
indefinitely (that is, at least 200 days; Fig. 1d). 
With increased age C. rubrum becomes increasingly 
sensitive to photoperiod and one photo-inductive 
cycle, that is, one 16-hr. dark period following an 
8-hr. light period, may initiate floral formation— 


Table 1. PER CENT GERMINATION OF (a) C. rubrum, (b) C. salinum, 

(c) C. glaucum, (d) C. album, IN DARKNESS AND UNDER 8-HR. SHORT 

DAYS WITH CONSTANT AND ALTERNATING TEMPERATURES ; 10 DAYS 
AFTER IMBIBITION 


Tempera- | Darkness 8-hr. short days 











10-20° C. | 100 0 90 93 


ture | (a) (b) (ec) (d) (a) (6) (c) (d) 
| 15 0 93 0 | 95 40 93 3 

| 5 0 90 13 65 80 100 83 

| 0 15 93 78 | 25 7 90 83 

5 0 43 88 5 40 80 70 

0 0 48 70 0 15 80 90 

= 0 0 10 15 0 0 23 70 
| Alternating a. | | 
25-35° 25 5 93 40 |100 60 98 #470 | 

20-30° C 85 50 90 85 100 90 98 88 
15-25° C. 95 5 95 68 | 100 75 75 80 | 
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Fig. 1. C. rubrum L. a, 100 plants 17 days old, 0-8 em. tall, 90 per cent. flowering in 
9em. x 2 em. Petridish ; 8-hr. short days, 250 ft.-c. (fluor.), alternating temperature 15- 
25°C. 6, Flowering plant 21 days old, from a; original pericarp and testa 0-6 mm. diam. 
still attached to cotyledon. c¢, Stamens and ovaries on plant grown with Hoagland’s 
solution, 8-hr. short day, 1,200 ft.-c. (fluor./incand.), alternating temperature 23-28° C. ; 
original testa 0-6 mm. diam. d, Vegetative aor 200 days old, 20-hr. long days (scale : 

1 m. rule) 


especially if the prevailing light intensity is 2,000 
foot-eandles or more. With one photo-inductive 
cycle, depending on age and treatment, floral forma- 
tion may be imperfect or delayed 6-8 weeks. Floral 
formation is increased in rate and amount with 
increase in the number of photo-inductive cycles and, 
under favourable conditions, it may be visible 
inieroscopically in 3-4 days and macroscopically in 
t-7 days. 

C. salinum appears to be intermediate between C. 
glaucum and C. rubrum in sensitivity to photoperiod 
and, while some selections have flowered within 
about 120 days, under 20-hr. long days, others 
have remained vegetative indefinitely (that is, at 
least 200 days). Induction of floral formation in C. 
salinum can be accomplished with one photo-inductive 
cycle—at an earlier stage of growth than in C. rubrum. 

When sensitivity is evaluated by the amount of 
germination under different light qualities, energies, 
time sequences and temperatures, the species are 
again listed in order of sensitivitv as (a) > (b) 
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(c) > (d). Table 1 summarizes the 
percentage germination of non- 
dormant seed under constant and 
alternating temperatures, in dark- 
ness as compared with 8-hr. short 


days (250 foot-candles—fluores- 
cent). In continuous light, germ- 


ination was similar to that under 
8-hr. short days. Germination of C. 
rubrum was negligible in darkness 
at constant temperatures < 35°C. 
and under 8-hr. short days at con- 
stant temperatures < 25°C. The 
lower alternating temperatures com- 
pletely substituted for the light 
requirement in C. rubrum but not 
in C. salinum. Seeds of C. rubrum 
and C. salinum when exposed for 
1 min. to white light of 50 foot- 
candles (fluorescent) 10 days after 
imbibition in darkness, germinated 
equally as well as under 8-hr. short 
days. In darkness at a constant 
temperature of 25°C., transfer of 
seeds to 10° C. for one 8-hr. period, 
10 days after imbibition, initiated 
100 per cent germination of C. 
rubrum and 50 per cent of C. 
salinum. 
In species (a)—(d) germination can 
be promoted by white or red and 
inhibited by blue or infra-red 
radiation. In C. rubrum—the most 
sensitive species—at a constant tem- 
perature of 35° C., using appropriate 
filters and fluorescent combined 
with incandescent white light (1,200 
foot-candles), 1 min. of white or 
red light supplied 8 hr. after im- 
bibition may initiate 100 per cent 
germination, while 1 min of blue or 
infra-red radiation may completely 
inhibit germination ; red/infra-red 
and red/blue reversal effects are 
similar to those reported for let- 
tuce®.®, 
These and other unpublished re- 
sults that will be reported elsewhere 
indicate that the genus Cheno- 
podium offers valuable and diverse 
material for experimental study. There is some 
evidence to support the postulation that ‘weediness’ 
of these species may be positively correlated with the 
amount of phenotypic ‘plasticity’ and with absence of 
sensitivity in germination and photoperiodic response. 
In order of distribution as weeds in Canada the 
species would be evaluated as C. album > C. 
glaucum > C. salinum > C. rubrum. 
I am indebted to Dr. H. A. Senn, director of the 
Plant Research Institute, for the availability of 
extensive controlled environmental facilities, and to 
Dr. T. F. Cuddy, of the Plant Products Division, for 
the use of precisely controlled germination cabinets. 
1 Sivori, E.,and Went, F. W., Bot. Gaz., 105, 321 (1944). 
> Imamura, S8., Proc. Japan Acad., 29, 368 (1953). Kujirai, C., and 
Imamura, S., Bot. Mag. (Tokyo), 71, 408 (1958). 

3 Cumming, B. G., Proc. Ninth Int. Bot. Congr., 2 (Abstr.),83, Mon- 
treal (1959). 

* Hamner, K. C., and Bonner, J., Bot. Gaz., 100, 388 (1938). 

5 Borthwick, H. A., Hendricks, S. B., Parker, M. W., Toole, E. H. 
and Toole, V., Proc. U.S. Nat. Acad. Sci., 38, 662 (1952). 

* Wareing, P. F., and Black, M., Nature, 181, 1420 (1958). 

7 Holdsworth, M.. J. Exp. Bot., 7, 395 (1956). 
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REDOX POTENTIALS IN SOYBEAN NODULES DURING THE 
VEGETATIVE PERIOD 


By Dr. HELENA EBERTOVA 


Research Institute for Plant Production, Prague, Czechoslovakia 


HE attention of research workers is becoming 

more and more concentrated upon biochemical 
oxidation-reduction processes taking place during the 
fixation of molecular nitrogen. Rabotnova! established 
that redox potentials of leguminous root nodules are 
comparatively low, the rH-value being about 17-19. 
Fedorov?, in his theory of nitrogen-fixation, also 
emphasizes the active role taken by various enzymatic 
systems under low rH-values. In connexion with 
these findings studies on the respiratory systems of 
rhizobia, nodules and leguminous plants require 
special attention. Bergersen* found no substantial 
differences between the respiratory activity of culti- 
vated rhizobia and bacteroides from nodules during 
their development. Allison, Ludwig, Minor and 
Hoover‘ carried out respiration tests with nodules 
and leguminous plant roots and concluded that 
rhizobia in nodules are relatively inactive as regards 
respiration and carbohydrate consumption. The 
value of redox potential in nodules also represents 
an important condition for the activity of hydro- 
genase, which is regarded as having an essential part 
to play in the fixation of nitrogen. The role of 
hydrogenase in the fixation processes has been 
investigated by many authors, for example, Wilson, 
Burris and Coffee® and recently Hamilton, Shug and 
Wilson‘*. 


rH| 
30 


201 3 
7 
Bae | 
404 
¥ 
hw. ae Ee = a ee 
3 49 67 89 103 days 
Fig. 1. rH values in soybeans: ©O—O, stems; @—®, roots: 


Standard deviation, [; abscissa, number of 


days after sowing 


A—A, nodules. 


In the present work the course of the redox poten- 
tial and pH-value in stems, roots and nodules has 
been followed during the whole period of vegetation 
and related to the increase in the number and size of 
nodules. Both redox potential and pH-value have 
been measured in three replicate plants with platinum 
and antimony micro-electrodes respectively, thrust 
directly into the plant organs. On each plant one 
nodule was chosen for the measurements. A saturated 
calomel half-cell was used for reference ; the tests 
were carried out in the air. For greater simplicity 


in preparing graphs and easier comparison with 
other authors’ results, the redox potential values 


are expressed by means of an rH scale (Fig. 1). As 
Hewitt’ reports reasons against using the term rH in 


biological systems such as these, the ranges of 


measured E;, and pH values are also quoted in the text. 

The results of the rH field-tests measured in plants 
dug up at convenient intervals are presented in Fig. 1. 
In the greenhouse similar results have been obtained 
with plants grown in sand with mineral nutrients 
containing 1/20 of nitrogen ratio. At suitable intervals 
the plants of single pots (3 plants per pot) were taken 
for potential measurements 
nodulation and total nitrogen in plant material by the 
Kjeldahl method. Then the nitrogen fixation ratio 
in the glasshouse experiment could be calculated. 
Decrease of potential was observed in nodules of the 
same age as those in the field experiment. 

Fig. 2 shows the numbers and sizes of nodules in 


the field-experiment during the whole period of 


vegetation. Until the ripening of the plants, new pink 
nodules originated constantly under field, as well as 
under greenhouse, conditions. Their rH values were 
about 10 and their ability to fix nitrogen was high, 
as was proved by estimation of total fixed nitrogen 
content in each pot in the glasshouse and by the 
concentration of total nitrogen in single plant organs 
in the field. Nitrogen fixation and nitrogen content 
are given in Fig. 3. Differently coloured nodules in 
various stages of development and with rH values 
differing by up to 13 units have been simultaneously 
found in the root system of one and the same plant, 
even on the roots of plants 103 days old. Thus, if the 
curve of rH values had to represent the actual course 
of the redox potential during the life of the nodule. 
it was always necessary to pick out for measurement 
only the oldest nodules in the root system of experi- 
mental plants. In the soybean root system in all our 
experiments nodule formation began very early, and 
always on the upper part of the main root. These 
first nodules grew very quickly and reached about 
1 in. diameter and their content became pink during 
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Fig. 2. Formation and growth of nodules. A, O—O, volume 

of nodules on one plant (c.c.); B, @—@, number of nodules on 

one plant; C, A—A, average volume of one nodule (ul.); D, 

AA, percentage of nodulation. Abscissa, number of days 
after sowing 
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the maximum decrease of potential, whereas other 
nodules scattered throughout the root system 
appeared and reached their largest size much later. 
The oldest nodules for the measurements could there- 
fore be easily picked out according to their location, 
size, colour and also their consistence. 

The tissue of the nodules differed from that of 
other parts of the plants not only in regard to its 
redox potential but also in pH value. During the 
period of low redox potential (about —200 mV.), the 
pH. of the pink nodules varied between 7-2 and 8-7, 
whereas in the roots and stems it was 5-9-6-9 
(potentials about + 350 mV.). No differences were 
found between EH, and pH values measured in roots 
and stems of inoculated and control plants. 

These results are evidence that the nodules on 
leguminous plants with quickly growing root systems 
originate on secondarily thickened parts of roots 
without root hairs and without primary cortex. 
The appearance of new active nodules is not 
limited by the advancing age of the host plant, 
almost up to the ripening of the fruits. Dif- 


PHOTOREACTIVE PIGMENTS 


Chromoprotein Pigments of Some 
Cryptomonad Flagellates 


By Dr. MARY BELLE ALLEN, Dr. ELLSWORTH C. 
DOUGHERTY, and Dr. JOHN J. A. 
McLAUGHLIN 


Laboratory of Comparative Biology, Kaiser Foundation 

Research Institute, S. | 4th St. and Cutting Bivd., Richmond, 

California ; and Haskins Laboratories, 305 East 43rd St., 

New York City 

HE cryptomonad flagellates are a little-known 
group of organisms comprising both pigmented 
and apochlorotic forms. The pigmented forms are 
usually blue-green, brown, purple or red in colour 
and are capable of photosynthesis. Until very 
recently, nothing was known of the pigments 
responsible for these colorations—the only informa- 
tion on record before the present work!? being a 
personal communication from Haxo and Wolken to 
Provasoli*, that Rhodomonas lens, a red cryptomonad, 
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ferent values of redox potentials simultaneously 
measured in nodules of a single plant are in accor- 
dance with this observation. The rH values reflect 
only the physiological state and age of nodules 
irrespective to a large degree of the age of the host. 
When comparing the results plotted in Figs. 1 and 3, 
we can see that a considerable fall of potential in the 
first nodules coincides with the beginning of nitrogen 
fixation observed in greenhouse and field-tests. The 
differences in size and colour between the control and 
inoculated plants in the field were observed to run 
parallel with nitrogen content in leaves also from the 
seventh week after sowing. 

A further interesting result is that the redox poten- 
tial is, to a large degree, not conditioned by the size 
of the nodules. The size of nodules picked out for 
potential measurements in carrying out the field-tests 
was about 200 ul. and remained unchanged from 
the beginning of fixation until the plants ripened ; the 
observations in the greenhouse were made on nodules 
of about a fifth that size, but with similar results as 
regards absolute values and development with time. 

Very low values of potentials in nodules fixing 
atmospheric nitrogen are not opposed to the hypo- 
thesis that reduction of molecular nitrogen in nodules 
by hydrogen is catalysed by hydrogenases. The large 
differences between rH values in various soybean 
organs and in nodules is evidence of specific bio- 
chemical processes taking place in the nodules during 
the fixation of nitrogen and show that nodules cannot 
be regarded as ordinary organs of the plant, as might 
be deduced from the experiments on rates of respira- 
tion of nodules‘. 


1 Rabotnova, I. L., Microbiology (Russ.), 5, 217 (1936). 

* Fedorov, M. V.,‘‘ Biological Fixation of Air Nitrogen’ (Russ.) (Moscow, 
1952). 

3 Bergersen, F. J., J. Gen. Microbiol., 19, 312 (1958). 

* Allison, F. E., Ludwig, C. A., Minor, F. W., and Hoover, S. R., Bot. 
Gaz., 101, 534 (1940). 

* Wilson, P. W., Burris, R. H., 
147, 475 (1943). 

* Hamilton, P. B., Shug, A. L., and Wilson, P. W., Proc. U.S. Nat. 
Acad. Sci., 48, 297 (1957). 

7 Hewitt, L. F., ‘““Oxidation-Reduction Potentials in Bacteriology and 
Biochemistry”’ (Livingstone, Edinburgh, 1959) 


and Coffee, W. B., J. Biol. Chem., 


IN FLAGELLATES 


contains a phycobilin-like pigment. The present 
communication describes water-soluble chromo- 
protein pigments from two blue-green cryptomonads, 
Chroomonas sp. and Hemiselmis virescens, and a 
brown representative, Cryptomonas ovatavar. palustris. 

Chroomonas sp., kindly supplied by Prof. E. G. 
Pringsheim, was examined in 1953. This organism 
could only be grown in soil-water medium and was 
not available in sufficient quantity for more than the 
measurement of the absorption spectra of whole cells 
and crude extracts. 

More extensive measurements have been made on 
the pigments of two other cryptomonads. Hemi- 
selmis virescens, obtained from Dr. Michael Droop, 
was grown on the synthetic medium ‘DC’ (ref. 4). 
Dense growth was obtained using light intensities of 
1,000—1,500 lux at a temperature of 18° C. Cultures 
were grown for twenty days in 5-litre Fernbach 
flasks containing 1-5 1. of medium. Optical densities 
of 2-5 were obtained by aerating the cultures. 
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Fig. 1. (a) Absorption spectra of cell suspensions of Hemiseliis 
virescens (top) and Chroomonas sp. (bottom). (b) Absorption 
spectrum of cell suspension of Cryptomonas ovata 


Cryptomonas ovata var. palustris was obtained from 
Dr. Richard C. Starr and grown on the proteose 
peptone medium recommended by him®. The light 
intensity during growth was approximately 800 lux, 
provided by a screened bank of white fluorescent 
lights. C. ovata, like the other cryptomonads investi- 
gated, did not grow in strong light. The temperature 
was 23-28° C. C. ovata multiplied very slowly under 
these conditions ; from four to six weeks was required 
to obtain a dense culture. 

For extraction of the pigments, cells were centri- 
fuged from the culture medium and washed, and the 
packed cell mass frozen and thawed, or allowed to 
stand a few hours in the refrigerator at 5° C. in the 
presence of a few drops of toluene. Either treatment 
resulted in the extraction of water-soluble pigments 
from the cells. The cell debris was separated from 
the extracted pigments by centrifugation at 25,0009. 

Absorption spectra of cell suspensions were 
measured in a Cary recording spectrophotometer, 
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using the opal glass technique of Shibata et al.® to 


VOL. 


overcome the effects of scattering. | Absorption 
spectra of the extracted pigments were measured 
with a Beckman DU spectrophotometer. 

Attempts at chromatographing the pigments were 
made according to the procedure described by 
Swingle and Tiselius? and Haxo et al.’. 


Absorption spectra of suspensions of intact cells of 


Chroomonas sp., H. virescens and C. ovata are shown 
in Figs. la and 1b. The absorption spectra of Hemi- 
selmis and Chroomonas are different from those of 
any organisms previously studied, whereas the 
spectrum of C. ovata resembles that of a blue-green 
alga containing phycoerythrin. 

Disruption of H. virescens releases a blue pigment 
with a deep red fluorescence. The absorption spec 
trum of this pigment is shown in Fig. 2. This thre 
peaked absorption curve, with maxima at 645, 620 
625 and 580 muy, is different from that of any algal 
chromoprotein previously reported. Attempts at 
resolving the pigment into components by chromato- 
graphy have led to loss of most of the pigment on 
the column. The portion recovered had the same 
absorption spectrum as the original material. 
Attempts at separation into sub-units by fractional 
precipitation with ammonium sulphate have been 
equally unsuccessful. The blue pigment from Hem: 
selmis is thermolabile, non-dialysable, and precip 
itated by acetone or ammonium sulphate. The few 
measurements which could be made on Chroomonas 
suggest that its blue pigment is similar to that of 
Hemiselmis. 

On disruption of the cells, a red pigment with 
orange fluorescence is released from C. ovata. Thi 
absorption spectrum of this pigment is shown in 
Fig. 3. The peak at 565 my is reminiscent of 
C-phycoerythrin’, but the shape of the curve i 
different, falling less sharply on the long-wave 
length side than does C-phycoerythrin, and having « 
shoulder at 600 my. Like the blue pigment from 
Hemiselmis, the red pigment of Cryptomonas i 
thermolabile, non-dialysable, and precipitated b) 
acetone and ammonium sulphate at high concen 
trations. Attempts at purification by chromato 
graphy on calcium phosphate gel led to decompositio: 


of the pigment. Chromatography on calcium carb 




















T re T T 
; 
1-0 4 
Os 
7 
by 0-6 
O-4 4 
0 4 
A. —_* J 
450 550 650 
Wave-length (mz) 
Fig. 2. Absorption spectrum of blue pigment from Hemiselmis 


virescens 


Pah 

















Optical density 


rele 
and 
mie 
qua 
CVvoao 
phy 
put 

tho 









34 


& to 
tion 
ured 


were 


by 


Is of 
own 
emi- 
e of 
the 


reeh 


nent 
pec 
ree 
320) 
gal 
3 at 
ato- 
5 on 
ane 
rial. 
onal 
eC) 
mM! 
cip 
few 
nas 
ri 8) @ 


vith: 
Th 
in 
of 
yj 
Wve 
Zit 
‘Or 
! 
bi 
en 
ito 
10! 
rb 














No. 4692 


October 3, 1959 























T T T 
Ooh 4 
0-5 
” 
Z ()-4 
=) 0-2 
el 
it L ! 
450 500 550 600 650 


Wave-length (my) 


Vig. 3. Absorption spectrum of red pigment from Crypltomonas 
ovata 


onate was also tried, but the pigment passed 
through the column without being absorbed. 

The spectroscopic and other properties of the red 
and blue eryptomonad pigments are consistent with 
the conelusion that they are bilichromoproteins 
similar to, but not identical with, those found in the 
red and blue-green algae. This conclusion is sup- 
ported by some preliminary observation on the 
products resulting from hydrolysis of the proteins 
with hydrochloric acid as described by O hKocha?. 
Some differences from the phycobilins of the red and 
blue-green algae must be noted, however. The 
cryptomonad pigments are more labile under 
chromatography than phycobilins previously known ; 
they require very high concentrations of ammonium 
siIphate to precipitate them; and they are quite 
resistant to hydrolysis by hydrochloric acid. Studies 
by Haxo and Fork and by O hEocha and Raftery? 
shown spectroscopically different = chromo- 
protein pigments in other cryptomonads. For 
example, Rhodomonas lens contains a red pigment 
resembling C-phycoerythrin, whereas another strain 
of HH. virescens yields a phycocyanin with only two 


have 


absorption peaks, 

‘The possession of phycobilin pigments by members 
of the Cryptophyceac phylogenetic 
relationship among the cyanophytes, rhodophytes 
and eryptomonads, all of which possess these pig- 
ments. It is possible that the ability to form large 
quantities of phyecobilins arose more than once in 
evolutionary history, since by present evidence 
phyeobilins are by-products of the biosynthetic 
pathway leading to the chlorophylls’®. However, in 
the absence of any evidence for a polyphyletie origin 
of these pigments, an attractive hypothesis is that 
the eryptomonads are the most archaic group of 
metaprotists, the survivors of the first organisms to 
make the transition from the mesoprotistan (red 
algal) level to the metaprotistan (flagellate) level, 
that is, from eukaryous organisms without vibratile 
organelles to those possessing pecilokonts (‘true 
fligella’). (Cf. earlier papers™ for discussion of these 
distinetions among the Protista.) 

We wish to thank the National Science Foundation 
of the United States for support, and Prof. M. Calvin 
and Dr. O. Holm-Hansen for the use of the Cary 
recording spectrophotometer. 

* Dougherty, E. C. and Allen, M. B., Proe. Fifteenth Int. Cong. Zool., 
Sect. IL, paper 33 (1958). Allen, M. B., Proc. Fourth Int. Cong. 
Biochem. , paper 10-27 (1958). 6 hKocha, C., and O Reachtaire, M., 
ibid., paper 11-55. 


See succeeding communications : 
O hEocha, C., and Raftery, M. 


suggests a 


Haxo, F. T., and Fork, D. C. 
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* Provasoli, L., Boll. Zool. Agrar. Bachicult. , 22, 143 (1956 [1957]}). 

‘ Provasoli, L., McLaughlin, J. J. A., and Droop, M. R., Arch. Mikro- 
biol., 25, 392 (1956). 

® Starr, R. C., Lloydia, 19, 129 (1956). 

® Shibata, K., Benson, A. A., and Calvin, M., Biochim. Biophys. Acta, 
15, 461 (1954). 

7 Swingle, S. M., and Tiselius, A., Biochem. J., 48, 171 (1951). 

§ Haxo, F. T., O hEocha, C., and Norris, P., Arch. Biochem. Biophys., 

_ 54, 162 (1955). 

*O hEocha, C., Arch. Biochem. Biophys., 73, 207 (1958). 

#0 Granick, S., “Ann. Rev. Plant Physiol.’’, 2,115 (1951). 

Dougherty, E. C., Systematic Zool., 4, 145 (1955). Dougherty, E. C., 
Gordon, H. T., and Allen, M. L., Exp. Cell. Res., 18, 171 (1957). 
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Phycoerythrins and Phycocyanins of 
Cryptomonads 


By Dr. C. OWEOCHA and M. RAFTERY 


Chemistry Department, University College, Galway, Ireland 


THE algal biliproteins, phycoerythrins and phyco- 
cyanins are found in the Rhodophyta and Cyano- 
phyta'. Mrs. B. T. Hepper (personal communication, 
1954) noted the similarity between the absorption 
spectrum of an aqueous extract of the marine 
cryptomonad Hemiselmis rufescens Parke* and that 
of C-phycoerythrin, characteristic of the Cyanophyta. 
At her suggestion, we have examined this pigment 
in greater detail and extended the study to a number 
of other marine cryptomonads kindly provided by 
Dr. Mary Parke, of the Marine Biological Association 
Laboratory, Plymouth. 

Wolken and Haxo in a personal communication 
to Provasoli® noted that the red pigment of the 
cryptomonad Rhodomonas lens Pascher and Ruttner 
had similar light-absorption characteristics to phyco- 
erythrin. 

All the properties of the water-soluble pigments 
which we have studied indicate that they may be 
classified as phycoerythrins and phycocyanins. Four 
of the six species examined contained phycoerythrin 
only, one appeared to contain a small amount of 
phycocyanin in addition to phycoerythrin and one 


gave phycocyanin only. The latter differed in 
absorption spectrum from any phycocyanin —pre- 


viously reported. 

The cryptomonads were grown in ‘Erd Schreiber’ 
medium! in’ either Erlenmeyer or 1-litre 
conical culture flasks in weak white fluorescent light 
at room temperature. 

The algae were harvested by centrifugation of the 
cultures at about 10,000 r.p.m. and extracted with 
distilled water in the cold after grinding with pul- 
verized glass. Tho extracts were centrifuged and 
clarified by passage through ‘Supercel’ filter aid. 
When sufficient material was available the biliproteins 
were purified by adsorption chromatography on tri- 
caleium phosphate—‘Supercel®.®. 

The pigments were washed off the columns with 
phosphate buffer (c. 0-025 M), pH 6-4, to which 
saline had been added to promote desorption. The 
yield after chromatography was spectrophotometric- 
ally estimated at 40-60 per cent ; the eryptomonad 
pigments are less stable than R-phycoerythrin, which 
gave about 75 per cent yield®. The phycoerythrin of 
H. rufescens was also purified by chromatography on 
‘Amberlite [RC-50’ resin and eluted with phosphate 
buffer (0-6-1-0 M7; pH 7-2). 

The phycobilin chromophores of the biliproteins 
were prepared by concentrated hydrochloric acid 
hydrolysis for 20-30 min. at room temperature’, 


250-e.¢e. 
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Absorption spectra were determined with a 
‘Unicam’ S.P.500 spectrophotometer. 

Table 1 gives the absorption maxima of the total 
aqueous extracts, the chromatographically homo- 


geneous phycoerythrins and phycocyanins, and their 


phycobilin chromophores. The spectral and chromato- 
graphic evidence indicates that, with one exception, 
each of the algae examined contains only one bili- 


protein. That Sennia sp. contains a small amount of 


phycocyanin, in addition to phycoerythrin, is 
indicated by the slight peak at 620-630 my ; sufficient 
material not available for chromatographic 


analysis. 


wis 


Table 1. SPECTRAL CHARACTERISTICS OF CRYPTOMONAD BILIPROTEINS 


Absorption maxima in the visible speetrum 
(mp) 
Chromato- 


Alga and | 
graphically 


Plymouth 


reference Total | homogeneous Phycobilin 
aqueous pigment (in acid 
extract | (in buffer, chloroform) 
| pil 6-4) | 
Hemiselinis 
| rufescens (“D"’) 555 | 556 dT 
| Cruptomonas sp. | 
| (No, 23 550 54S 576 
| Rhodomonas sp. | 
(No. 29) 550 545 576 
Cryptochrysis sp. | 
(No. 14) 555 ro4 | 


Sennia sp. (No. 9)) 545 620-630 | 

Hemiselmis | 
virescens (?) 
(No. 157) 


588 615 | 588 615 


Phycoerythrin. The visible absorption spectrum of 
chromatographically purified phycoerythrin from 
Hemiselmis rufescens (Fig. 1) does not differ appreci- 
ably from that of the total extract. The absorption 
curves of the orange-fluorescing phycoerythrins from 
other species were similar in shape but the maxima 
lay at somewhat different wave-lengths (545 and 
554 mu). However, the same phycobilin chromophore 
appears to be present in all the eryptomonad phyco- 
erythrins hydrolysed (Fig. 1, Table 1); both the free 
phycobilin and zinc-complex have the same 
spectral properties as those obtained from R-, C- and 
B-phycoerythrins’?, with the exception of the 640 my 
peak of the zine-complex, which may be due to an 
artefact. 


its 


Extinction 











0-9 
0-8 

07 

0-6 
0-5 + 
O-4L 

0-3 + 
0-2 + 
Olt, 

= | - 4. A. 4. i = a. A. 
200 300 400 500 600 
Wave-length (my) 
Fig. 1. Absorption spectra. A: Phycoerythrin from Hemiselmis 
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Fig. 2. Absorption spectrum of phycocyanin from Hemiselmi 
virescens (0-025 M phosphate buffer, yH 6-4) 


Higher concentrations of ammonium sulphate were 
required to precipitate the cryptomonad phyco- 
erythrins than those of the other algal divisions, but 
their electrophoretic mobility was similar to that of 
R-phycoerythrin in acidic buffers. However, at 
alkaline pH values H. rufescens phycoerythrin moved 
toward the cathode on paper electrophoresis. 

Phycocyanin. The absorption maxima of the blue- 
coloured red-fluorescing pigment of Hemiselmis 
virescens were at 588 and 615 mp (Fig. 2). The pig- 
ment appeared to be homogeneous, as fractionation 
could not be achieved by chromatography, papcr 
electrophoresis, or ammonium sulphate precipitation. 
The pigment was quite resistant to concentrated 
hydrochloric acid hydrolysis, but preliminary results 
point to the chromophore being a phycobilin. 

The results presented in this communication are 
essentially similar to those of Allen et al. and of Haxe 
and Fork’. They all point to the eryptomonad pig 
ments being biliproteins related to those of the red 
and blue-green algae. 

The light absorption characteristics of the phyco 
erythrins present in five of the species examined 
resemble most closely those of C-phycoerythrin, the 
single absorption maximum of which can vary in 
position from 546 my (ref. 9) to 552 my (ref. 10) to 
560, 563 and 565 my%714. The phycobilins are spec 
trally similar, but more detailed studies will be 
necessary before the exact structural relationships 
between the cyanophytan and cryptomonad phyco 
erythrins can be elucidated. 

The phycocyanins reported in the literature may 
be broadly classified as follows (approximate absorp 
tion maxima in brackets): R-phyecocyanin (555 and 
615 mu), C-phycocyanin (615 my), allophycocyanin 
(650 my). The phycocyanin of the Plymouth strain 
of Hemiselmis virescens Droop (588, 615 my) differs 
from all these. It also differs from that reported by 
Allen et al.8 for phycocyanin from the type strain 
(Millport No. 64) of this alga (maxima at 580, 620 
625, 645 my). The only other observed difference 
between these two strains is that the latter produce 
more carotenoid masses than the Plymouth strain 
(Mary Parke, private communication). 

The cryptomonads (Cryptophyceae) have been 
generally placed in the algal division Pyrrophyta, 
which also includes dinoflagellates (Dinophyceae) 


the most characteristic pigment of which is’ the 
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In view of the present and 
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xanthophyll, peridinin"™?. 
related findings’, 
cryptomonads and dinoflagellates as an argument for 
grouping them together, already suspect!*, would 
secm unjustified. 

\We wish to acknowledge our sincere thanks to Dr. 
Mary Parke, Plymouth, who provided the crypto- 
monad cultures and directions for their growth ; and 
to the Chemical Society for a grant from the Society’s 
Research Fund. 

\dded in proof. Careful chromatographic examina- 
tion of extracts of all our phycoerythrin-containing 
cryptomonads has revealed the presence of small 
amounts of phycocyanin (,,, ¢. 635 my), when the 
alyae were grown in a north window. 

Dr. Michael Droop has kindly supplied us with a 
sample of the type-strain of Hemiselmis virescens, 
which we have grown under our culture conditions. 
We have confirmed the findings of Allen et al.* con- 
cerning the spectral properties of phycocyanin from 
this strain. 

‘Lemberg, R.. and Legge, J. W., ““Hematin Compounds and Bile 
ri ents” (Intersci. Pub., New York, 1949). Haxo, F. T., and 

nEocha, C., edit. by W. Ruhland, in “Handbuch der Pflan zen- 

wae” ‘5 (Springer, Berlin, in the press). 

* Parke, Mary, J. Mar. Biol. Assoc. U.K., 28, 255 (1949). 

* Provasoli, L., Boll. Zool. Agrar. Bachiol.. 22, 143 (1956). 

‘Foyn, B., Arch. Protistenk., 83, 1 (1934). 

* Swingle, 8. M., and Tiselius, A., Biochem. J., 48, 171 (1951). 

*Haxo, F. T., O hEocha, C., and Norris, Phyllis, Arch. Biochem. 
Biophys., 54, 162 (1955). 

0 hEocha, C., Arch. Biochem. Biophys., 78, 207 (1958). 

* See accompanying communications: Allen, Mary Belle, Dougherty, 

E. C., and McLaughlin, J. J. A.; Haxo, FP. T., and Fork, D. C. 

* Kylin, H., Z. physiol. Chem., 197, 1 (1931). 

© Horesch, K., Biochem. Z., 119, 167 (1921). 

" Kylin, H., Kgl. Fysiogr. Sallskap. Lund., Forh., 7, 131 (1937). 

"Strain, H. H., in ‘‘Manual of + edit. by Smith, G. M. 
(Chronica Botanica, Waltham, Mass., 1951). 


“Graham, H. W.,in “Manual of Phycology”, edit. by Smith, 
(Chronica Botanica, Waltham, Mass., 1951) 
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Photosynthetically Active Accessory 
Pigments of Cryptomonads 


By Dr. F. T. HAXO and D. C. FORK 


Division of Marine Biology, Scripps Institution of 
Oceanography, University of California, La Jolla 


THE Cryptophyceae have attracted interest as a 
minor algal group of uncertain taxonomic affinities, 
notable for the varied coloration of its pigmented 
representatives!. The isolation into laboratory cul- 
ture of the red, marine cryptomonad Rhodomonas lens 
by L. Provasoli? has prompted studies of the nature 
and function of its plastid pigments. The results are 
communicated here in brief, together with those 
obtained afterwards with the brown-coloured flagel- 
late, Cryptomonas ovata. These and the chemical 
investigations by Allen, McLaughlin and Dougherty 
and by O hEocha and Raftery* on a greater variety 
of species, establish the common occurrence of 
phyeobilin-like pigments within the cryptomonads 
and their role as accessory photosynthetic pigments. 

Cultures of Rhodomonas lens Pascher and Ruttner 
and Cryptomonas ovata var. palustris Pringsh. were 
provided by L. Provasoli and Richard Starr, respec- 
tively. Both organisms yielded dense cultures after 
4 6 weeks when grown in synthetic liquid media 
(unpublished formulations of L. Provasoli) at 20° C. 
with continuous illumination of 50-100 ft.-candles 
intensity. The cells were harvested by continuous- 
flow centrifugation at 5,000 r.p.m. 

ixtraction and purification of the water-soluble 
pigments were carried out in the cold at pH 6-7. 
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The cells were ruptured by passage through a needle 
valve (French press) at 15,000 Ib./sq. in., and the 
homogenate was clarified by centrifugation at 
144,000g for 1 hr. or more. The pigment of the 
brilliantly fluorescing supernatant was precipitated 
with ammonium sulphate, re-dissolved in dilute 
saline, and chromatographed on tricalcium phosphate, 
using the method of Swingle and Tiselius* and Haxo, 
6 hEocha and Norris’, but omitting diatomaceous 
earth, which adsorbed a portion of the pigment 
irreversibly. The fat-soluble pigments residing in the 
particulate fraction were extracted with methanol at 
pH 8-9 and fractionated by column chromatography 
on polyethylene powder and conventional adsorbents. 
Spectral analyses were made with a Beckman DU 
spectrophotometer. 

Photosynthetic action spectra of freshly harvested 
cells were measured polarographically at 20° C. using 
Haxo and Blinks’s method. The reaction vessel was 
modified, however, by recessing the platinum elec- 
trode to accommodate a 0-25-mm. layer of suspended 
cells, horizontally oriented in the beam from the 
monochromator. 

The spectral similarity of centrifuged aqueous 
extracts of R. lens to C-phycoerythrin was noted 
earlier by Wolken and Haxo (cf. L. Provasoli, ref. 2). 
On chromatographic columns several diffusely ad- 
sorbed pink zones were observed, all of which gave 
similar spectra. The principal fraction, eluted with 
0-1 M phosphate buffer, had the following charac- 
teristics: maximal absorption at 545 my and 
secondary peaks at 390 and 275 mu; strong yellow 
fluorescence ; non-dialysable; precipitation from 
aqueous extracts upon heating, by addition of three 
volumes of acetone, and by saturated ammonium 
sulphate at 0° C.; photolability moderate at 20° C., 
slight at 5° C. 

Chromatographically purified pigment from C. 
ovata showed similar solubility properties, but dis- 
played a reddish-orange fluorescence and absorption 
peaks at 568 and 285 my. The pigments of the two 
cryptomonads are therefore spectrally distinct. Their 
observed properties suggest that they are bilichromo- 
proteins similar to, but not identical with, the single- 
peaked C- and B-phycoerythrins’.*. Their spectral 
properties and possibly also their precipitation 
only at high ammonium sulphate concentrations 
are features which distinguish them from the 
known bilichromoproteins of red and _ blue-green 

algae. 

Both cryptomonads yielded three chlorophyll 
fractions (absorption maxima in ether): chlorophyll 
a (665, 615, 577, 530, 430, 410 my); chlorophyll c 
(633, 581, 450 my); and an unidentified hypophasic 
component (667-5, 615, 576, 531, 500, 429, 472 my). 
The latter may be a degradation product of chloro- 
phyll a, but it was not observed in similarly treated 
extracts of a dinoflagellate (Gonyaulax polyedra) or 
of brown algae (Hisenia arborea and Macrocystis 
pyrifera). The solubility and adsorption properties, 
and in particular the spectral properties (Fig. 1) of 
the chlorophyll ¢ from R. lens and C. ovata, corre- 
sponded closely with our preparations of this pigment 
from the above-named reference sources. Evidence 
for the presence of chlorophyll ¢ in C. ovata was 
recently obtained by French, Elliott and Allen 
(ref. 9 and personal communication) from absorption 
spectra of intact cells. 

The carotenoid hydrocarbons of C. ovata included, 
as the major component, «-carotene (identity con- 
firmed by co-chromatography with an authentic 
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Fig. 1. Absorption spectra in ethyl ether of chlorophyll c from 


Rhodomonas lens, Cryptomonas ovata, Gonyaulax polyedra and 
Macrocystis pyrifera 


sample) and a less strongly adsorbed polyene (absorp- 
tion maxima in hexane at 471, 442 and 418 my), 
probably e-carotene. The xanthophylls of C. ovata 
were more abundant than the carotenes (ratio 2-4: 1). 
The absorption spectrum and the partition behaviour 
of the principal xanthophyll corresponded closely to 
those of zeaxanthin; however, identity with the 
very similar pigment diatoxanthin was not precluded. 
The poly-oxy carotenoids, peridinin and fucoxanthin, 
were not present in detectable amounts in extracts 
from either cryptomonad, although these pigments 
were readily isolated by the same procedures from 
reference sources. 

That the ‘phycoerythrins’ of both flagellates are 
effective sensitizers in photosynthesis is demon- 
strated by the photosynthetic action spectra and 
corresponding absorption spectra presented in Figs. 2 
and 3. Photosynthetic activity is highest in the 
middle of the spectrum (540-570 my) where the 
water-soluble pigments contribute most prominently 
to cell absorption. A somewhat lower effectiveness 
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Fig. 2. Photosynthetic action spectrum of Rhodomonas lens and 
absorption spectra of the intact cells and of the aqueous extract 
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660 mp, where absorption may be attributed solely to 

chlorophyll. 

Previous work on the bilichromoproteins has been 
concerned mainly with those of red and blue-green 
algae, in which they function as accessory pigments 
to chlorophyll a alone’®. In the former group of 
algae, small amounts of chlorophyll d may also be 
present. The cryptomonads now examined differ 
from other types of algae bearing phycobilin in that 
photosynthetically active bilichromoproteins are 
associated with chlorophyll c as well as chlorophyll a. 
It is noteworthy in this connexion that the ‘inactive 
chlorophyll’ fraction of cryptomonads is small 
relative to that characteristically encountered in the 
Rhodophyta‘. 

The evolutionary relationships of the eryptomonads 
remain unsettled, although Pascher™ proposed that 
they are related to the dinoflagellates. In this con- 
nexion, it is of interest to compare the plastid pig- 
ments of the cryptomonads and the dinoflagellates. 
Both groups contain chlorophylls a and c, but these 
two chlorophylls also occur in diatoms and in the 
brown algae. Peridinin, the characteristic carotenoid 
of dinoflagellates, was not detected in the crypto- 
monads that we have examined. In further contrast, 
bilichromoproteins have not been detected in the 
dinoflagellates, although species with blue chromato- 
phores!? have not been examined in this respect. 
Available information, although limited, suggests 
that the cryptomonads possess a distinctive com- 
plement of plastic pigments. 

We are indebted to Nao Belser and William McClure 
for their assistance in certain phases of this study. 

1 Fritsch, F. E., ‘“‘The Structure and Reproduction of the Algae’”’, 1 
(Camb. Univ. Press, 1956). 

? Provasoli, L., Boll. Zool. Agrar., 22, 143 (1956). 

? See accompanying communications: Allen, Mary Belle, Dough- 
erty, E. C., and McLaughlin, J. J. A., and © hEocha, C., and 
Raftery, M. 

* Swingle, S. M., and Tiselius, A., Biochem. J., 48, 171 (1951). 

5 Haxo, F. T., O hEocha, C., and Norris, Phyllis, Arch. Biochem. 
Biophys., 54, 162 (1955). 

* Haxo, F. T., and Blinks, L. R., J. Gen. Physiol., 38, 171 (1950). 

7 0 hEocha, C., Arch. Biochem. Biophys. ,'73, 207 (1958). 

* Airth, R. L., and Blinks, L. R., Biol. Bull., 111, 321 (1956). 

® French, C.S.,and Elliott, Ruth F., Carnegie Institution of Washing- 
ton, Year Book 57, p. 282 (The Lord Baltimore Press, Inc., 
Baltimore, Maryland, 1958). 

10 Blinks, L. R., ‘Ann. Rev. Plant. Phys.”’, 5, 93 (1954). 

11 Pascher, A., Ber. deutsch. Bot. Ges., 29, 193 (1911). 

12 Geitler, L., Rev. Algol., 1, 357 (1924). 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Monday, November 23 


gag" ‘ey ete Society (at 1 Kensington Gore, London, 
S.W.7), 5 p.m.—Mr. Barrie. E. Juniper: ‘Oxford University 
Saati Expedition”. 


INSTITUTION OF MECHANICAL ENGINEERS, rw9rer GROUP 
(at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.— 
Discussion on “Vibration Theory, Linear Systems and the subject 
‘Theory of Machines’ ’”’. 


Tuesday, November 24 


SOCIETY FOR ANALYTICAL CHEMISTRY, PHYSICAL ee GROUP 
(at the Chemical ~~. Burlington’ House Piccadilly, London, 
W.1), at 6.30 p.m.—Mr. A. C. Isbell: “The Design of Optical 
Instruments for Cate Analysis”. 


RoYAL AERONAUTICAL SOCIETY (at 4 Hamilton Place, London» 
W.1), at 7 p.m.—Prof. D. B. Spalding: ‘‘Heat and Mass Transfer 
in Aeronautical Engineering’’. 


SOCIETY OF INSTRUMENT graeme d (at — House, 26 Port- 
land Place, London, W.1), at -m.—Mr. N. I. Walker : “Application 
of Instrumentation to Glass ‘Velting Desneon”. 


RADAR AND ELECTRONICS ASSOCIATION (at the Royal Society of 
Arts, John Adam Street, Adelphi, London, W.C.2), at 7.30 p.m.— 
Prof. H. E. M. Barlow: **Waveguides for Long Distance Communica- 


tions”.* 
Wednesday, November 25 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 p.m.—Sir Christopher Hinton, K.B.E., F.R.S., and 
Sir William Holfrod: ‘‘Power Production and Transmission in the 
Countryside—Preserving Amenities” 


GEOLOGICAL ors OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Mr. L. R. Raymond: “The Pre-Permian 
Floor beneath Billingham, Co. Durham”; Dr. J.M. Hancock: “The 
Cretaceous System in Northern Ireland”. 

INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS AND CoM- 
MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m. 
—Dr. R. L. Smith-Rose: “Radio Aspects of the International Geo- 
physical Year’. 

INSTITUTE OF PuysIcs (at 47 Belgrave Square, London, S.W.1), 
at 6 p.m.—Mr. J. F. Coales: “Education for Automation’’. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, 8.W.1), at 6 p.m.—Prof. A. H. Cottrell, F.R.S. : 
“The Effect of Nuclear Radiation on Engineering Materials” (Thomas 
Hawksley Lecture). 

SOCIETY OF CHEMICAL INDUSTRY, Foop GROUP (at 14 Belgrave 
Square, London, S.W.1), at 6.15 p.m.—Mr. G. E. Moss: ‘‘Fortuitous 
Corrosion Inhibitor in Biscuit Mixes”; Mr. P. G. Seary: 
Developments in Produce Pre-packaging’’. 

SOCIETY FOR ANALYTICAL CHEMISTRY (joint meeting with the 
PHARMACEUTICAL SOCIETY OF GREAT BRITAIN, at 17 Bloomsbury 
Square, London, W.C.1), at 7.30 p.m. —Meeting on “Methods of 
Assays of Capsicum, Lonchocarpus and Rauwolfla”. 


Thursday, November 26 


INSTITUTE OF MARINE ENGINEERS (joint meeting with the SoclETY 
OF NAVAL ARCHITECTS AND MARINE ENGINEERS, at the Memorial 
Building, 76 Mark Lane, London, E.C.3),at 3 p.m.—Mr. C. C. Pounder: 
“Human Problems in Marine Engineering’; at 5.30 p.m.—Mr. 
J. J. Zrodowski and Mr. H. C. Andersen: “‘Co-ordinated Alignment 
of Line Shaft, Propulsion Gear and Turbines”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 5.30 p.m.—Mr. T. R. Manley, Mr. K. Rothwell and Mr. W. 
Gray: “The Application of Low-Pressure Resins to some High- 
Voltage Switchgear Designs’’. 

INSTITUTION OF MECHANICAL ENGINEERS, APPLIED a 
GrouP (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m 
Peevey ussion on “The Applic ation of Cre ep Resuits to Sacieviing 

Jesign’’ 

ROYAL AERONAUTICAL SOCIETY (at Church House, Westminster, 
Loudon, 8.W.1), at 6 p.m.—Prof. H. Schlichting: “Some Develop- 
ments in Boundary Layer Research in the Last Thirty Years” (Third 
Lanchester Memorial Lecture). 


“Recent 


Thursday, November 26—Friday, November 27 


INSTITUTE OF PETROLEUM (joint meeting with the CORROSION 
Group and the CHEMICAL ENGINEERING GROUP of the SOCIETY OF 
CHEMICAL INDUSTRY, in the Grand Council Chamber, The Federation 
of British Industries, 21 Tothill Street, London, S.W.1), at 9.30 a.m. 
a ly—Joint Symposium on “Corrosion Problems of the Petroleum 
industry”. 


Friday, November 27 


ROYAL AERONAUTICAL SOcIETY (at 4 Hamilton Place, London, 
W.1), at 7 p.m.—Dr. D. R. Walkie: ‘“‘Man and an Aero Engine”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Dr. P. T. Haskell: “‘Research in the War against Locusts’’. 


Friday, November 27—Saturday, November 28 


BOTANICAL SOCIETY OF THE BRITISH ISLES (at the Lecture Hall, 
The British Academy, Burlington House, Piccadilly, London, W.1)— 
Dorwinian Centenary Conference. 


NATURE 


BRITISH SOCIETY FOR IMMUNOLOGY (at the Wellcome Foundation, 
183 Euston Road, London, N.W.1)—Symposium on ‘Persistence of 
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Immunity”. Chairman: Dr. C. H. Andrewes. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

JAMES MORRISON RESEARCH FELLOW (not necessarily medically 
qualified), to pursue full-time research into the treatment of malignant 
disease by radiotherapy or other methods, at or in association with 
the David Morrison Research Department of the Sheffield National 
Centre for Radiotherapy—The Registrar, The University, Sheffield 
(November 21). 

RESEARCH FELLOW (physics graduate), to investigate the radiation 
from gas discharges—The Registrar, The University, Sheffield 10 
(November 21). 

RESEARCH FELLOW (post-doctoral chemist or biochemist, with 
suitable interest and experience) IN THE DEPARTMENT OF CHEMISTRY 
of the Faculty of Science, to work on the synthesis of nucleotide 
analogues and the study of their metabolism—The Registrar, The 
University, Manchester 13 (November 21). 

PLANT TAXONOMIST (honours graduate majoring in botany, or 
equivalent qualifications, with some research experience in taxonomy, 
sae in tropical plants) in the Division of Land Research and 

egional Survey, Commonwealth Scientific and Industrial Research 
Organization, Canberra, Australia, to undertake taxonomic research 
essentially with New Guinea flora, by way of revision of selected 
group, in collaboration with an ecologist and forest botanist, in the 
identification of important species—Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, Africa House, Kingsway, London, 
W.C.2, quoting Appointment No. 570/76 (November 27). 

FELLOW (honours graduate in science or engineering with post- 
graduate research experience involving microwave techniques in the 
field of paramagnetic resonance, particularly as applied to masers) IN 
RADIO ASTRONOMY in the Division of Radio Physics, Commonwealth 
Scientific and Industrial Research Organization, Canberra, Australia— 
Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 
Africa House, Kingsway, London, W.C.2, quoting Appointment No. 
780/216 (November 28). 


CHAIR OF CHEMICAL ENGINEERING—The Registrar, University 
College, Singleton Park, Swansea (November 30). 
LECTURER IN MATHEMATICS at Palmerston North University 


College (Victoria University of Wellington), New Zealand—The Secre- 
tary, Association of Universities of the British Commonwealth, 36 
Gordon Square, London, W.C.1 (November 30). 

LECTURER or SENIOR LECTURER IN PREVENTIVE MEDICINE at the 
University of New England, Australia—The Secretary, Association 
of Universities of the British Commonwealth, 36 Gordon Square, 
London, W.C.1 (November 30). 

LECTURER IN CIVIL ENGINEERING—The Registrar, University of 
Adelaide, Adelaide, South Australia (December 7). 

SENIOR RESEARCH FELLOW IN THE INSTITUTE OF EDUCATION— 
The Registrar, The University, Leeds 2 (December 7). 

ASS STANT or ASSOCIATE PROFESSOR OF APPLIED MATHEMATICS-— 
The Chairman, Department of Mathematics, McMaster University, 
Hamilton, Ontario, Canada (December 10). 

SENIOR TUTOR/LECTURER IN PSYCHOLOGY at the University of 
Sydney, Australia—The Secretary, Association of Universities of the 
ber is, Commonwealth, 36 Gordon Square, London, W.C.1 (Decem- 

er 

LECTURER IN GEOLOGY AND/OR GEOPHYSICS at the University of 
Sydnty, Australia—The Secretary, Association of Universities of the 
eng Commonwealth, 36 Gordon Square, London, W.C.1 (Decem- 

er 12). 

CHAIR OF PHILOSOPHY—The Registrar, The University, Leeds 2 
(December 31). 

PROFESSOR OF APPLIED MATHEMATICS—The Secretary and Regis- 
trar, University College of North Wales, Bangor (January 1). 

DIRECTOR of the INSTITUTE OF EDUCATION and PROFESSOR OF 
EpvucaTion—The Registrar, The University, Leeds 2 (January 15). 

BIOLOGIST (with a good honours degree in zoology and/or botany, 
preferably a knowledge of both subjects and some postgraduate 
experience) with the Fauna Research Unit, Kenya, to carry out 
— on Kenya fauna to provide data for the building up of life- 
tables ; 
The Director of Recruitment, Colonial Office, London, 
BCD.61/7/09/T. 

BIOLOGIST (with a university degree in science, including botany 
and zoology, with preferably a diploma in education and/or teaching 
experience) in the Department of Agriculture, Uganda, to teach 
scientific subjects in an agricultural course of the standard of the 
Diploma course of an agricultural college in the United Kingdom— 
The Director of Recruitment, Colonial Office, London, S.W.1, quoting 
BCD.63/9/030/T. 

BOTANIST (PLANT PATHOLOGIST) (with a good honours degree in 
botany or agricultural botany, and at least two years postgraduate 
experience in plant pathology) in the Department of Agriculture, 
Uganda, to diagnose the causes of crop diseases and to recommend 
control measures, and to assist with the breeding of disease- oe 
crops—The Director of Recruitment, Colonial Office, London, S.W.1, 
quoting BCD.63/9/02/T. 

CHEMISTS, SENIOR SCIENTIFIC OFFICER or SCIENTIFIC OFFICER 
grade in RESEARCH AND DEVELOPMENT ESTABLISHMENTS of the 
MINISTRY OF AVIATION, mainly Southern England, offering a wide 
range of problems including : high polymers, safety glass and ceramics, 
electro-chemistry, propellants based on polymeric fuels, combustion 
reactions, reaction kinetics, chemical engineering, initiation and 
detonation of high explosives, corrosion, and analytical methods— 
The Ministry of Labour and National Service, Technical and Scientific 
Register (K), 26 King Street, London, 8.W.1, quoting Ref. F.647/9A/ 

A. 


details of feeding habits, enemies, predators and diseases— 
8.W.1, quoting 





1054 


ENTOMOLOGIST (Scientific or Senior Scientific Officer grade, with 
a good honours degree in zoology, with postgraduate training or 
experience in entomology) at the West African Cocoa Research In- 
stitute, Ghana, for research on insect pests of cocoa—The Director 
of Recruitment, Colonial Office, London, 8.W.1, quoting BCD.197/ 
200/02/T. 

PRINCIPAL OF THE ROYAL TECHNICAL COLLEGE OF EAST AFRICA, 
Nairobi; and PRINCIPAL-DESIGNATE of the proposed University 
College into which the Royal Technical College is to be transformed— 
The Secretary, Inter-University ~— for Higher Education Over- 
seas, 29 Woburn Square, London, W.C.1 

SENIOR AGRONOMIST (with a degree in agriculture or in natural 
science with a postgraduate diploma in agriculture and considerable 
experience in field experimentation, preferably with perennial tree 
crops) at the West African Cocoa Research Institute, Ghana, to take 
charge of the Agronomy Section and co-operate with senior specialist 
officers in the fleld experimental work of the Institute—The Director 
of Recruitment, Colonial Office, London, S.W.1, quoting BCD.197/ 
200/010/T. 

Sol, Cugmist (with an honours degree in chemistry or in natural 
science including chemistry, and at least two years postgraduate 
training or experience as a soil chemist) at the West African Institute 
for Oil Palm Research, Nigeria, for the study and analysis of soil 
types with a view to improving soil conditions—The Director of 
unm Colonial Office, London, S.W.1, quoting BCD.197/199/ 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


London and Home Counties Regional Advisory Council for Techno 
logical Education, Bulletin of Special Courses in Higher Technology 
including Management Studies and Commerce, 1950-60. Part 1: 
Autumn Term. 136. (London: London "and Home Counties 
Regional Advisory “Council for "Technological Education, 1959.) 

249 

No. 11: 
1959.) 
249 


‘Ministry of Supply. 2 on Plastics in the Tropics. 
Cast Acrylic Sheet. Pp. 39. (London: H.M. Stationery Office, 
5s. net. 

The Royal Observatory Edinburgh. 
Royal for Scotland for the year > — March 31. Pp. 8. eS 
burgh: The Royal Observatory, 1959 

The North of Scotland College of hesoatare. Calendar, 1959-60. 
Pp. 125. (Aberdeen: North of Scotland College of Agricultare, 
1959.) [249 

Tobacco Manufacturers’ Standing Committee. Report for year 
ended 3lst May, 1959. Pp. 12. (London: Tobacco Manufacturers 
Standing Committee, 1959.) (249 

Royal Greenwich Obeorvatory —_ tins. No. Time Service 
1956, "January-March, Pp. No. 2: Time Service 1956, April- 


Report of the Astronomer 


June. Pp. 19-36. No. 3: "Time Service 1956, July- September. Pp. 
37-53. No. 4: Time Service 1956, October-December. Pp 55-71. 
No. 5: Time Service 1957, January-March. Pp. 73-90. ‘No. 6: 


Time Service 1957, April-June. 
1957, July-September. Pp. 111-129. 
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LETTERS TO THE EDITORS 


PHYSICS 


Light from the Corona Discharge 


OBSERVATIONS have been made of the light emitted 
from the positive and negative point surge corona 
discharges. The photomultiplier used for measuring 
the light, together with its associated distributed 
amplifiers with a rise time of not more than 10-8 sec., 
aid the recording oscillograph, were contained in a 
double-sereened cage with a filtered mains-supply to 
climinate large spurious signals originating from the 
surge generator. The time base of the oscillograph 
was tripped from a pulse derived from the corona 
itself via a second photomultiplier so that fast time 
sweeps could be used. 

Fig. 1 shows typical light-time records for both 
polarities of the total light from a point 2 em. from 
a 5-em. sphere at a peak voltage of 28 kV. 

he intensity and duration of the light emitted by 
the positive point are such as to be just visible; photo- 
multiplier measurements indicate that the total light 
emitted with the opposite polarity is approximately 
one hundredth. Fig. 2 shows records obtained through 
a slit in an opaque sereen on which an enlarged 
image of the gap is These and similar 
records taken with the slit in different positions are 
interpreted as indicating that the discharge involves 


focussed. 


a number of point light sources, possibly regions of 
































| 
| | 
{ { 
aly \ | 
S | + VE POINT 
‘i | 
—ve |PoINnT @ | 
DIVIDE | INTENSITY } x 
\ SCALE] BY 100 ; 
\ | | 
| 
| 
J | 
2 me a ae Caen a a sae nesta 
6 0-1 0-2 0-3 O4 
usec, 
Fig. 1. Total light-time records. 
ara ponte ——7 - 7 
FULL LINE | + VE POINT 
BROKEN LINE | — VE POINT 
} 
| Se. = . ee | 
0 0-1 0-2 0-3 O-4 
usec, 


Fig. 2. Light transmitted through slit. 


intense ionisation and excitation, travelling across 
the gap. These point sources of light do not originate 
simultaneously. The general shape of the total 
positive point light pulses agrees with that found by 
Saxe and Meek!)? but the observations through the 
slit are quite different in consisting of separate pulses 
and not a continuous pulse. The probable explanation 
appears to be that the rise time of 6 x 10-8 see. of the 
amplifier used by Saxe gave inadequate time reso- 
lution. It is proposed to examine the light from two 
slits to obtain, if possible, an estimate of the speed of 
propagation of a light source. 

The work described above has been carried out as 


part of the research programme of the National 
Physical Laboratory, and this communication is 
published by permission of the Director of the 
Laboratory. 

R. W. E. Coox 


National Physical Laboratory, 
Teddington, Middlesex. 
Aug, 7. 
' Saxe, R. F., and Meek, J. M., 
7 Saxe, R. F., and Meek, J. M., F 
124 WM, 102 (1955). 


Nature, 162, 263 (1948). 


?roc. Inst. Elec. Eng., Part C Mon., 


Tides in the F, lonospheric Layer 

D. G. Parkyn! third and fourth 
harmonie tides could explain the peculiar behaviour 
of Satellites 1958 8, and 1958 « respectively. A few 
weeks ago I noticed the existence of an 8-hr. tide in 
the half thickness ym=h,—h’ of the F, layer. 
Parkyn’s paper has encouraged me to investigate this 
matter more thoroughly. 

An harmonie analysis of the mean diurnal variation 
of ym obtained from five years observations (1952 
1958) at Léopoldville-Binza shows a prominent first 
harmonic, associated with the following oscillations 
listed in order of decreasing amplitude : 8 hr., 4:8 hr. 
and 12 hr. Half amplitudes are listed on the first line 
of Table 1. 

The eight-hr. oscillation is clearly noticeable in Fig. 1 
which was obtained after removing the 24 hr. varia- 
tion from the data. Maxima oceur at O01, 09 and 
17 hr. Wen. 

Harmonie analysis of the diurnal variation for each 
ealendar month using mean values over five years 
shows further : 

(1) that the amplitudes of the various harmonie 
components are subject to annual variations 
having roughly a minimum in May and a maximum 
in November ; 


has shown how 


Table 1. HALF AMPLITUDES OF OSCILLATIONS IN| ym (KM). 
Half amplitudes are listed on the second line of the table. On the 
third and fourth lines the months of maximum and the annual mean 
values are given, The fourth line values are different from those listed 
on the first line owing to an annual oscillation of phase 


Period (hr.) 


ymo 
24 12 8 ( {5 
1952-1958 60-2 28-0 3] O-4 Od 30 
Annual 
variation 37 35 11 16 1-0 
Month of 
maximum Oct. Nov. Nov. Jan Dee. 
Mean annual 
value 28-3 6-2 6-8 s 3 
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Fig. 1. Variations in Aym ym—c, sin (15t + ,) 


(2) that the 12, 8 and 4-8-hr. periods have about the 
same amplitude and the same annual variation ; 

(3) that the amplitude of the fourth harmonic is 
smaller in winter as compared with the other 
harmonic terms. 

However, harmonic analysis carried out on data 
for months taken individually shows that for the 
period of 1956-58 the winter maximum is higher for 
the fifth than for the third harmonic. It so happens 
that the second and fifth harmonics vary more or less 
linearly with solar activity, while that of the 8-hr. 
period undergoes a linear increase to a maximum at 
sunspot number R= 130 followed by a decrease. The 
behaviour of the amplitude of the 24-hr. harmonic is 
more difficult to explain as it remains constant up to 
R— 150 and then increases with constant high rate up 
to sunspot maximum. No solar effect is noted for the 
6-hr. period. It is doubtful whether this component 
has any physical significance. 

Data, complete calculations and results will be 
published elsewhere. 

P, HERRINCK 

Section Géophysique, 

Service Mété wrologique 
Léopoldville, Congo Belge. 


2 Parkyn, D. G., Nature, 183, 1045 (1959). 


Temperatures in Polar Ice Caps 


DECREASE in temperature with depth which was 
first observed by Sorge' in the top 20 m. of ice at 
Kismitte in Greenland has since been confirmed for 
much deeper strata there*:* and in Antarctica*®. 
Sorge thought that the negative temperature gradient 
could have been created by a secular rise in air 
temperature. Independent evidence exists for such 
a trend in Greenland but not in Antarctica®. More- 
over, the much greater depth to which a steady 
decrease in temperature in the ice has now been 
traced would require a surface warming extending 
over very long periods. In these circumstances it 
seems necessary to consider first the effects of the 
warming of the ice-cap surface connected with the 
decrease in its height during the outward movement 
of the ice. By geometrical reasoning Robin? deduced 
that in the absence of heat conduction this movement 
(of velocity v) coupled with a net surface accumulation 
v leads to the temperature gradient : 

Y: aarv/v (1) 
where « is the surface slope and 2 the vertical gradient 
of the annual mean air temperature along the ice cap 
surface. A more complete treatment of the problem, 
taking into consideration heat conduction as well as 
advective temperature changes, now shows’ the 
relation (1) to have a deeper significance. 

The fuller treatment rests on the fact that, except 
near obstructions and the fringes of the ice cap, the 
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temperature gradients in the ice must be uniform 
over distances one or two orders of magnitude larger 
in the direction parallel to the surface (‘horizontal ) 
than normal to it (‘vertical’). As a result the 
horizontal gradient does not contribute to the chang: 
of temperature with time, and when a co-ordinat« 
system moving with the ice in the layer of annua! 
mean surface temperature is considered the problen: 
to be solved reduces to one of linear conduction. 
Due to net accumulation, the ice is continually 
moving downward while at the same time movin: 
outward from the centre of the ice cap almost as a 
block, with the maximum shear concentrated close 
to the bottom of the ice*’. Apart from the frictiona 
heat released there, the horizontal movement of th: 
ice then makes itself felt only by an increase in surface 
temperature with time. This constitutes the uppe 
boundary condition of the problem which is governed 
by the relation : 


kK -v - 0 (2 


where 7’ is the temperature, wv the depth, K th 
thermal) diffusivity, and » the vertical velocity of the 
ice, equal near the surface to the net accumulation, 
For the semi-infinite solid the solution of (2) for 
constant vertical velocity ¢ and a constant rate of 
surface temperature change «A I’=8 has been given by 
Benfield ®:!® who was concerned with the revers: 
process of cooling of rocks subject to lifting and 
denudation. For an ice cap with an initial linea 
temperature profile (of gradient A) the temperatur 
gradient as function of depth 2 and time ¢ is : 


l io) u—vt 
Yo A— A4 erfe Yes 
> v (4K) 2 
t i (aut)? 
2v exp| - . (3 
nh 4At / 


( v a x+vt 
< i+ (cv +7t) pexp(vr/K )jerfe 
lL K (4Kt) 4} 

It is of interest that independently of the initial 
gradient A the expression (3) reduces to Robin’s 
form (1) not only for K-> 0 (vanishing heat conduction 
but also for any AK when t+2%,. This is linked 
with the fact that the only linear solution of (2) has 
the form!! ; 

T =8(t —2/v) (4 
Numerically it is found that with conservative 
assumptions (A =0; A =38 m.*/year; 8=5« 10-4°C. 
/year, corresponding to V—10 m./year, «=5« 10°. 
A=1C./100 m.; v= 10 cm./year), 5 « 10% years or a 
movement of 50 km. suffice to create negative 
temperature gradients varying only in the range 
77 per cent and 51 per cent of the limiting value (1) 
of —0-5°C./100 m. between the surface and 400 m. 
depth. These gradients are of the order of those 
observed*}>, A systematic investigation of (3) for 
other values of its parameters is under way. 

The existence of the limiting gradient (1) is due 
solely to the vertical movement of the ice. Without 
this the temperature gradient has the form?? ; 

Ys B(t/K)! 2 ierfe (~/(4Kt)}) (5) 
which for any finite depth x increases indefinitely as 


t+o«. This makes it doubtful as to whether without 
vertical motion the assumption of steady heat-flow 
conditions from the start’ can be justified for this 
problem. 
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In the uppermost layers of the ice complications 
arise from the variation of density with depth, while 
wer down a decrease in the vertical velocity may 
lave to be taken into account. These effects are 
ow being studied by means of numerical integrations, 
n the digital computer Csirac 
lelbourne, which will also facilitate the introduction 
f a finite ice thickness and of more complicated 
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oudary conditions, equivalent to combinations of 


limatic change and irregular ice movement. 

This work was suggested by Dr. F. Loewe and has 
ad the benefit of his advice as well as that of Mr. 
lalcolm Mellor and Prof. J Jaeger. 


Uwe RapoxK 
leteorology Department, 
‘niversity of Melbourne. 
August 5. 


Sorge, E., ‘Wiss. Ergebn. d. Deutschen Groenland Exped. Alfred 
Wegeners’, 3, 262 (1935). s 
* Heuberger, J.-C., ‘Gaciologie, Groenland, 1: 
(Paris, Hermann et Cie., 1954). 
Hansen, B. L., and L andawer, J. K., Symposium de Chamonix, 
Intern. Ass. Se. Hydr., U.G.G.L., 313 (1958). 
‘ Bogoslovski, V. N.. iid. o 
Bender, J. A., et al., Trans. Amer. Geophys. Union, 39, 1021 (1958). 
Mellor, M., Geog. J., 3 (June, 1959). 
nage G. de Q., J. Glaciol., 2, 523 (1955). 
‘Nye, J. r.. , Free. Roy. Soe., A, 207, 554 (1951). 


Forages sur l'iniandis’ 


’ Benfield, »Q. J. App. Math., 6, 439 (1949). 
Benfie ld, mi. . .S. App. Phys., 20, 66 (1949). 
' Jaeger, J. ©. (personal communication). 


* Carslaw, i s., and Jaeger, J. C., ‘Conduction of Heat in Solids’, 
145 (Clarendon Press, Oxford, 1947). 


Two Cases of Triple Fission of Uranium-235 


TSIEN et al.* pointed out for the first time in 1946 
the possibility that uranium-235, when bombarded 
with thermal neutrons, may sometimes divide into 
three fragments, two heavy and the other one with a 
mass of around 32. The same kind of event has also 
been seen by others? but in other 
observed’, 

We have found two cases (Figs. 1 and 2 
series of photographic 
uranium that were irradiated in the thermal column 
of reactor BR-1 at Mol in Belgium; in these plates 
we looked for the light particle which in some cases is 
emitted during uranium fission®, but in these two 
events, from their aspects and type of ionization, it 
was clear that the third track could not be an alpha 


eases it was not 


) among a 
plates loaded with enriched 


particle. These facts are in aceord with results 
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Figs. 1 and 2. Photomicrograph of two triple-fission events found 


in uranium-235 loaded plates, irradiated with thermal neutrons. 
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Scheme in space of the ranges and angles of the 
two triple-fission events. 


Figs. 3 and 4. 


obtained by Carvalho of the Centro Brasileiro de 
Pesquisas Fisicas (private communication), who has 
found ternary fissions giving a light fragment of 
mass greater than 4 in studying the photofission of 
uranium-238 by 15-MeV. photons. We have checked 
that each of these events les in its own plane, as 
would be expected since they were produced by 
thermal neutrons ; Figs. 3 and 4 show the arrange- 
ment of these events in their own planes. By 
application of the laws of conservation of mass and 
momentum, the mass and energy of each fragment 
have been evaluated. 

To dismiss*the possibility that the process was due 
to ordinary fissions in which one of the two heavy 
fragments has collided with nuclei of the emulsion. 
we have checked each event by calculating the 
factors : 


M, sin (8 +2) 
a (1) 
M, sin 8 
i, sin? % 
b (2) 
E, sin 8 sin (8 +2) 
in which .W/, is the mass of the fragment which is 
supposed to collide with the nuclei: Ly, and Fy, are 
the respective energies of those particles after the 


collision ; « and $% are the angles in Figs. 3 and 4. 
M, can only be the mass of one of the nuclei con- 
tained in the emulsion (hydrogen, carbon, nitrogen, 
oxygen, silver and uranium) and these 
possible values when substituted in (1) will give the 
allowed values of W,. We know that the masses 
remain between 65 and 170 a.m.u., and in this way we 


bromine, 


can eliminate those which do not fulfil that condition. 
We calculated the energy /, for the nuclei the masses 
of which fulfil condition (1) by means of the range- 
energy curve!; from these values and equation (2), 
we found the possible energy for the fission fragment 
Ky. which must remain between 30 and 130 MeV. 
(ref. 3). As in our two cases neither event fulfilled 
these conditions, we must conclude that we were 
actually confronted with two fissions of U-235 produced 
by thermal neutrons. 

In Table 1 our results are compared with those of 
other workers. 

These three fissions were found among 350,000 
ordinary binary fissions which have been observed so 
far, but we are proceeding with the examination of 
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TABLE 1 
M, M, M; E; E total 
Author (amu) (amu) (amu) (MeV.) (MeV.) 
Tsien et al. (ref. 1) 127413 7748 3245 4742 162 
Perfilov (ref. 2) 62 113 60 - — 
27 77 32 - 
Wollan ef al. (ref. 5)* 133 89 14 110420 243 
Dutta (ref. 2) 166 43 30 - 200 
Our observations 150413 74413 1242 3547 166433 
169+13 55413 1142 40410 1874-36 
Calculated by us using the observations published in ref. 5. 


the plates. Naturally, owing to the very low prob- 
ability of this phenomenon, our measurements 
cannot be of high accuracy. 

We thank the staff of CEN, of Mol, and especially 
Mr. Beets for his assistance and for helping with the 
radiation and development of plates used in this 
investigation. We are also very grateful to the 
microscopists of our laboratory, Miss Amelia Agustin 
and Miss Paz Gutiérrez, for their patient collaboration 
in the scanning and measurement work. 

J. CATALA 
J. CASANOVA 
V. Dominco 
Centre of Photocorpuscular Physics, 
Faculty of Science, 
Valencia. 
July 1. 
2 Tsien San Tsiang, Ho Zah-Wei, Chastel, R., and Vigneron, L., C.R. 
Acad. Nei. (Paris), 228, 1119 (1946) ; J. Phys. Radium, 8, 165 and 
200 (1947). 
* Pertilov, N. A., “Physics of Nuclear Fission’, 
and D. J. Hughes (Pergamon Press, 1958). 


Bretscher 
Ps Ind. J. 


86 edit. E. 
Dutta, S. 


> Green, L. L., and Livesey, D. L., Nature, 159, 332 (1947). Demers, 
P., Phys. Rev., 70, 974 (1946); Canad. J. Phys., 31, 73 (1953). 
Rosen, L., and Hudson, A. M., Phys. Rer., 78, 533 (1950). 

* Catala, J., Domingo, V., Casanova, J., Senent, F., and Lleo, A., An. 
Real Soc. Esp. Fis. Quim. (in the press). H. G. Carvalho, of the 
Centro Brasileiro de Pesquisas Fisicas (private communication). 

®* Demers, P., “‘lonographie’, 252 (Les Universitaires de 
Montréal, 195s). 

* Wollan, KE. O., Moak, C. D., 
(1947). 
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Current Fluctuations in the Oxide Cathode 


DuRING some work here on the relation between 
the conduction and emission mechanisms in the oxide 
cathode (assumed an excess electronic semi-conductor) 
we have come across slow but marked fluctuations in 
the values of both currents when these were measured 
simultaneously for certain values of the field applied 
to the anode. Further, over the range of temperature 
explored, a threshold at about 1,100°K. was indicated, 
which is well above the temperature at which ‘p’ type 
conduction has been suspected ; generally, the current 
fluctuations become more and more compensatory 
in the sense that an increase in one occurs simul- 
taneously with a decrease in the other, till at 1,250°K., 
the marked field periodicity shown in the diagram 
takes place. Above this temperature, the fluctuations 
are much larger for certain field values and the 
correlation less pronounced, but the general character 
of the form of the curves is maintained. 

The experimental arrangement involved the in- 
sertion of three platinum probes into the barium 
oxide/strontium oxide matrix (approximate equi- 
molecular proportions) between which the conduction 
current was measured ; these served as cathodes and 
supplied the emission current to a spiral nickel anode 
which surrounded them. As is well known to users 


of these emitters, their past history is important 
when trying to explain their behaviour under any 
particular set of conditions ; in the present instance, 
thermal activation by flashing at progressively higher 
and higher temperatures between 980°K. and 1,400°K. 
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for various times was carried out and measurements of 
(conduction) drift recorded before a quasi-stable 
equilibrium was established. In order to disturb 
this as little as possible, it was decided to take ‘spot’ 
readings throughout all the subsequent simultaneous 
measurements of conduction and emission currents. 
The current as shared by the emission and conduction 
processes is furnished by those electrons, which, 
through activation, either thermally or by drawing 
space current, or, using both techniques, pass from 
the impurity-level into the conduction band of the 
oxide ; in this case the impurity-level consists of the 
excess barium atoms which are held substitutionally 
at vacant oxygen lattice sites. It would be expected 
on simple grounds that the division of the available 
electrons would be a function of the applied fields, 
the impedance of the respective paths (along and 
perpendicular to the emitter) and the mobilities. In 
such a complicated situation as exists in the matrix 
when the fields are crossed as in the present measure- 
ments, the smooth variation which might otherwise 
be expected, gives rise to the series of maxima and 
minima recorded at specific field values. At high 
fields there can even be reversal of direction (also 
facilitated by working at higher temperatures). In 
the case of the conduction current the envelope of the 
maxima falls and then that of the minima 
continually falls. This strange behaviour may be 
attributed to various causes. In order that there may 
be flow in and out of the solid, it is generally held that 
the electrons have to pass through or over the 
crystallite boundaries surrounding the pores ;_ these 
may be contaminated with a layer of barium ;_ also 
the path through the pores will not be an easy one in 


rises ; 
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Fig. 1. Distribution of conduction electrons in excess semi- 


conductor BaO/SrO at 1250°K. 
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he presence of an electron space charge, and we have 
vonsequently very different and variable impedances 
hroughout the motion. The existence of a fluctuating 
pace charge combined with one produced by positive 
ms (produced in the electrolysis) could give fluctuat- 
ig space charge clouds when recombination takes 
lace in the rather specialized geometrical structures 
uvolved. These effects would be more pronounced 
as the temperature increased to the point at which 
mic conduction became important. One can visualize 
fluctuating effect of this kind arising through lack 
f equilibrium in the intervals between observations ; 
if the order of a few seconds) thus involving a decay, 
vith a time constant of the same order of magnitude : 
his picture is consistent with results obtained under 
pulsed conditions (u see. pulses) by ourselves and also 
y other workers in this field. 
We hope to publish these results in full at a later 
tage of the work. 
MARGARET CHISHOLM 
L. JACOB 
Department of Natural Philosophy, 
toyal College of Science and Technology, 
Glasgow, C.1. 
Aug. 11. 


Radar Echoing Area Polar Diagrams of Birds 
As part of an investigation into the sources of 
unidentified radar point echoes, or ‘angels’!-%, we 
have been measuring the echoing area polar diagrams‘ 
of birds, using a high-resolution X-band radar. This 
radar, which is horizontally polarized, is capable of 
ineasuring equivalent echoing areas as low as 
2 10-§ sq. metre with an accuracy better than 
1 db. and of detecting even smaller radar targets. 
Each bird in flying position, but with wings closed 
and legs retracted, was fixed to a nylon cord. The 
nylon cord was held vertically between ground and an 
aerial line suspended between two towers. ‘Typical 
azimuth polar diagrams for three birds are shown in 
Fig. 1. Each pattern was made with the aerial of 
the radar fixed in elevation and bearing, while the 
bird was rotated in bearing about a point at the 
centre of its body. The rate of rotation of the specimen 
and the time constant of the equipment provide a 
smoothing factor over approximately 10° in azimuth. 
This smoothing factor provides satisfactory ‘averag- 
ing’ and removes the fine lobe struc- 
ture. The spacing between radar 
and bird was chosen to give an even 
illumination of the rotating bird. 
The birds were placed at heights 
which coincided with the radar 
ierial elevation angle of approxi- 
nately 18°, an arrangement which 
ensured a low side-lobe background 
ind consequently optimum radar $ 
sensitivity. The bird echoing areas N 
were evaluated by comparison with 
standard metal spheres. % 
The echoing area polar diagrams, & 
taken in azimuth, for a domestic =p 
pigeon, a starling (Sturnus vulgaris) 8 
and a house sparrow (Passer domes- s</Y 
ticus) are shown in Fig. 1. Only half 
the diagram is shown; the other Lj a oe 
portion covering bird aspects from 


180° to 360° in azimuth, is a 
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Table 1. 


MAXIMUM AND MINIMUM ECHOING AREAS 


Aspect 
Specimen 
Broadside Head Tail 
(sq. mn.) (sq. m.) (sq. m.) 
Pigeon 10x 10°? 1-1x10-4 1-0x10-4 
Starling 2510-3 1-8 x10-* I-3:x107* 
House sparrow 770x104 25% 10-5 1:83x10~° 


in bearing, that is, when the birds are broadside-on to 
the radar. The minimum areas coincide with tail-on 
and head-on positions of the bird, with respect to 
the radar beam. Principal maximum and minimum 
echoing areas for the three birds are given in Table 1. 

Measurements were then made on the effect of the 
feathers and the contribution of the wings to the 
echoing area. A pigeon was plucked, the feathers 
and body being measured separately. The echoing 
area of the feathers, packed into a thin polythene 
bag, was approximately 5» 10-° sq. metre when 
viewed from the direction presenting maximum area 
to the radar. The plucked bird was also measured 
and it produced a similar diagram to that shown for 
the bird in plumage. A rook (Corvus frugilegus) was 
measured in the broadside position and gave a peak 
echoing area of 2-5 10-* sq. metre. The bird, with 
outstretched wings, was then fixed with its body 
parallel to the nylon cord and peak echoing areas of 
back and belly views were measured. These out- 
spread wing views of the bird were similar in peak 
echoing area, and differed from the broadside 
measurement by less than 5 per cent. 

We gratefully acknowledge the help of our colleagues 
at the Royal Aircraft and Royal Radar Establishynents 
and to Mr. I. M. Hunter, of the Royal Aircraft 
Establishment who proposed the experimental mea- 
suring system. 

J. EDWARDS 
Royal Aircraft Establishment, 
Farnborough. 
E. W. HouGHutTon ! 
Royal Radar Establishment, 
Great Malvern. 


1 Harper, W. G., Nature, 180, 847 (1957). 

* Sutter, E., Ornith- Beob.. 54, 70 (1957). 

’ Tedd, J. G., and Lack, D., Proce. Roy. Soc., B, 149, 503 (195s). 
4 Radiation Lab. Series No. 13, 6, 445. 
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CRYSTALLOGRAPHY 


Intermolecular Distances and Diamagnetic 
Anisotropy in Crystals as Measures of the 
Polarity of Benzene and Borazole Substituents 


THE structures of 1:3:5-trichlorobenzene and = of 


B.B.B-trichloroborazole have been analysed, and 
although not isomorphous they are in many respects 
very similar':*. Both are nearly layer structures. 
The direction cosines of the molecular axes L (along 
one CL-Cl direction), 7, and N (normal to the ring) 
are as follows (at 20°C.) : 

Ly +0-0368 My 0-9070 Ny 
C,H.Cl, Ly +0:9965 MM, +0-0058 Ny, 

L. 0-0758 M, 40-4193 N, 


La O Ma 


0-4232 
+ 0-O838 
0-9021 


0-8862 N, 0-4632 


B.N.8 Ci, ly l My 0 Ni 0 
L- 90 M,. +0-4632 N, —0-8862 
The intramolecular distances are : 
ee BN HCl, 
Mean CL-Cl 5-354 A. Mean Cl Cl 5-49 A. 
Mean CLC ¢ ‘FILA. Mean Cl_-B “ 453 A. 
Mean C-C 1-387 A. Mean B-N_ 1-415 A. 


Both molecules are plane to within the limits of 


experimental error, and the rings are regular hexagons 
to within 0-04 A. in bond-lengths, and 2-5) in bond- 
angles. 

Coursen and Hoard? have argued, on the basis of 
the above bond-lengths, that B-trichloroborazole 
shows no evidence for any reduction in the double- 
bond character of the ring in favour of a large con- 
tribution from a structure of type Il such as was 
suggested by Wiberg* and supported by the spectral 
studies of Rector, Schaeffer and Platt’. 





cl a 
| 
| 
8 =- 
H H H B H 
N N N N 
| 
l | 
[ | 
BL 8 58: B~_ 
; 
cl , cu cr? . at 
H H 
(1) (I) 
If the intermolecular distances are compared, 


however, it will be seen that in spite of the close 
similarity in the structures, there is an unexpected 
difference in the nearest Cl Cl’, Cl-H’ and HH’ 
distances in the two structures. 
C,H,Cl,  CLCV: 3-628, 3-650, 3-749, 4-042 A. 
Cl-H’: 2-963, 2-968, 2-984 A. 
H-H’: 2-647 A. 
B,N;H,Cl, Cl-Cl’: 4-020, 4-054, 4-247, 4-301 A. 
Cl-H’: 2-484, 2-524 A. 
H-H’: 2-810 A. 

The implication of this would seem to be that both 
Cl and H atoms are charged in the trichloroborazole 
molecule, with a corresponding reduction in’ the 
double-bond character of the ring, in spite of the short 
B-N distance; that is, that there is a larger con- 
tribution from (IT) than would be expected on the 
basis of intramolecular distances only. 

That the borazole ring in this structure has con- 
siderably less double-bond character than has the 
benzene ring is also supported by measurements of the 
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diamagnetic anisotropy, made by Mrs. E. W. Toor®, 
These lead to a molecular anisotropy of AK = 18 x 10-° 
as compared with 60x 10-* for benzene. The cor- 
responding measurements on C,H,Cl; have not been 
made, but those on the isomorphous C,H,Br, give 
AK =47 10-* From this it would seem that there is 
some reduction in the aromatic character of benzene 
also on substitution. The only other partially 
substituted benzene derivative for which both an 
accurate structure analysis and diamagnetic sus- 
ceptibilities are available is 1:4C,H,O2, for which 
AK =40-5« 10-8. It would be very desirable indeed 
to have more measurements on such compounds and 
also to be able to compare intermolecular distances 
in cases where the packing seems to depend more on 
CI-Cl’, H-H’ and Cl-H’ than on C-C’, C-Cl’ or C-H’ 
distances. 

It may even be possible to determine whether 
substituent atoms are charged positively or negatively, 
by forming mixed crystals with compounds of known 
electronic constitution, and observing the resulting 
intermolecular distances. 

KATHLEEN LONSDALE 
University College, 
London, W.C.1 
Aug. 20. 
' Milledge, H. J., and Pant, L. M. (in preparation). 
? Coursen, D. L., and Hoard, J. L.,./. Amer. Chem. Soc., 74, 1742 (1952) 
® Wiberg, E., unpublished report, referred to by Coursen and Hoard. 
* Rector, C. W., Schieffer, G. W., and Platt, J. R., J. Chem. Phus., 17, 


160 (1949). 
> Lonsdale, K., and Toor, E. W. (unpublished work). 


Influence of the Size of the Halogen Atom on 
the Difference between Lattice Constants of 
Copper dipyridine dichloride and dibromide 


In verifying the validity of Peyron’s and Jérgen- 
sen’s rule in organic halogen complexes of copper, 
Serator' found that a compound intermediate be- 
tween CuPy,Cl, and CuPy,Br, exists. Crystallo- 
chemical studies of these compounds were based on 
the erystal structure of CuPy,Cl,, which has been 
solved by Dunitz*. We have solved the crystal 
structure of the bromine derivative’, 

CuPy,Br, and CuPy,Cl, have very similar strue- 
tures. Both are monoclinic (space group ?2,/n) with 
octahedral co-ordination of halogens and = nitrogens 
around copper atoms ; the co-ordination octahedra, 
with shared edges, are oriented in the direction of the 
growth axis of the needle-formed crystals. The 
difference between these compounds lies in’ the 
position of halogens, the orientation of the symmetry 
elements with respect to the lattice vectors and, of 
course, in the values of the lattice constants (Fig. 1). 


a. 
. 
ce] 
\ T 
i ee | 
= ; 
cj “@ | 
if j “a 
a | — | { 


ee. 


Fig. 1. A comparison of the lattice constants of C +e me and 
yt y¥2Br,. Top, CuPy,Cl,, P2,/n. a, 17:00 kX; 6, 8 > kX; 
3-87 kX; 8, “ 52’. Bottom, CuPy,Bry. P2,/n. a, 8 30 kX; 
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7) 
, 17-72 KX; ¢, 4-04 KX; B, 96°. 
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Fig. 2. (a) Arrangement of the molecules of CuPy,Br, in the 
projection along the ¢-axis. (6) Projection of the same structure 
perpendicular to the c-axis. 

When the lattice constants are compared it is 
iteresting to note that the substitution of bromine 
ngthens the largest and smallest and lattice con- 
tants, but shortens the intermediate one. We have 

observed a similar effect with copper ethylenediamine 
dichloride and dibromide, for which a— 6-81, b= 5-78, 

8:32 KX, 6=—93°50'; and a=7-00, 6—6-04, 

$:29 kX, 8-= 96°32’ respectively. 

The differences can be explained by the use of the 
an der Waals radii for atoms and groups of atoms'. 

lig. 2a illustrates the arrangement of the molecules 
in the erystal structure of CuPy,Br, in’ projection 
along the c— axis, Fig. 2b the projection of the same 
tructure perpendicular to the c-axis. Fig. 2a shows 
that the structure is close packed with the pyridine 
ring close to the halogens of neighbouring molecules. 
he angle between the molecule axis and the longest 
hasie vector is 9 -43-5° in Cu,Py,Br,. By substitu- 
tion of a bromine for a smaller chlorine, space between 
he pyridine rings and halogens is freed, and in order 
o conserve close packing it is inevitable that the 
neighbouring molecules will close ap and that the 
nolecular axis will change its alignment. (In the ease 
f the chlorine derivative the value of this angle is 
» 46-4’). As a consequence the longest lattice 
listance is shortened and the middle one lengthened. 


© o 
A) (F 
cy F j 
a & 
(cy “D ‘H | 
xy x (4) 
: a. use 
s ‘eo 


Fig. 3. Arrangement of halogens and copper atoms. Left, 
Cu,Py,Cl, AB=3-75 kX (2Rer=3:60); AD=3-05 kX: 
BD=2-28; AC=3:87 kX (Dar=3-70; 2Rc1=3-60. Right, 
Cu, Py,Bryz. EF=3:96 kX (2RBr=3-90); EH=2-44 kX; 
FH=3:17 kX; FG=4-04 kX (2Rnr=3-90; Dar=3-70). For 
construction the following data have been used‘: covalent radii : 
rBr=1:14 kX, ret=0-99 kX, reu=1-:30 kX; van der Waals 


radii: Rsr=1:95 kX, Ret=1.80 kX, thickness of aromatic 
molecule Dar =3 70 kX. 
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The causes which influence the value of the lattice 
constant c are illustrated in Figs. 2) and 3. In the 
case of the chlorine derivative c= 3-87 kX, which is 
nearly equal to the thickness of the aromatic molecule 
(3:70 kX), whereas twice the van der Waals radius of 
chlorine is only 3-60 kX. In the case of the bromine 
derivative, however, c=—4-04 kX, which is greater 
than the thickness of the aromatic molecule, but is 
nearly equal to twice the van der Waals radius of 
bromine. The lattice constant c of the chlorine 
derivative is thus defined by the thickness of the 
aromatic molecule, whereas in the case of the bromine 
derivative it is the van der Waals radius of bromine. 

It is probably the tilting of the plane of pyridine 
rings relative to the basic vector c that affects the 
value of the monoclinic angle. 

VLADIMIR Kupcik 
SLAVOMIL Durovic 
Department of Mineralogy and Crystallography, 
Comenius University, 
Bratislava, 
Czechoslovakia. 
July 23. 

? Serator, M. (private communication). 
* Punitz, J. D.. Acta Cryst., 10, 307 (1957). 
* Kupeik, V., and Durovic, 8., Czech. Phys. J. (in the press) 


‘ Pauling, L., ‘The Nature of the Chemical Bond’, 189 (2nd edit. 
(Cornell University Press, 1945). 


RADIOCHEMISTRY 


Effect of Gamma-Radiation on the Synthesis 
of Methanol over Zinc Oxide 


THE semiconducting oxides, for example, zine oxide, 
nickel oxide and vanadium pentoxide, form an 
important class of heterogeneous catalysts. It is well 
known that the catalytic activity of these materials is 
closely linked with their ability to act as either electron 
sources or sinks. Sinee radiation is able to modify the 
electrical properties of semiconductors, it is to be 
anticipated that it will also have a significant effect on 
the catalytic activity of the metal oxides. 

The reaction chosen for study in the present work 
was the synthesis of methanol from carbon monoxide 
and hydrogen over a zine oxide catalyst. At tempera- 
tures where the reaction proceeds at a reasonable 
rate, the equilibrium favours carbon monoxide and 
hydrogen. The standard free energy of the reaction 
becomes negative only below 150° C., whereas the 
reaction is rapid only above 350° C. It is apparent that 
if radiation were capable of activating the catalyst at 
lower temperatures, the reaction would be greatly 
facilitated. Since it was desired to induce reaction at 
low temperatures where the equilibrium is favourable 
for the synthesis of methanol, it was not necessary to 
use the high pressures, 200 atm., of the industrial 
process. A 3:1 mixture of hydrogen and carbon 
monoxide was used at a total pressure of 1 atmosphere, 
and the reaction vessel and circulating system were 
constructed of glass. 

Of the catalysts investigated (both pure zine oxide 
and zine oxide admixed with chromium oxide) only 
one was active at temperatures below 250° C., and this 
was used in studying the effect of radiation. The 
catalyst was prepared by the decomposition of zine 
carbonate in air at 300° C. The zine carbonate was 
made from ‘AnalaR’ materials. 

The reaction vessel was in the form of an annular 
cylinder with the tube containing the source of radia- 
tion along its axis, so that the catalyst could be 
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irradiated at the highest possible intensity. With the 
380-curie cobalt-60 source in the irradiating position, 
the catalyst received a dose of 2°5 x 10!%eV. gm.—thr.-! 
Apart from the reaction vessel, furnace and gas pre- 
heater, the apparatus was outside the radiation shield. 
Premixed carbon monoxide and hydrogen were 
circulated by an all-glass circulating pump, and the 
resulting products were condensed in traps main- 
tained at —195° C. 


Analysis of the products showed that besides 


methanol, methane and carbon dioxide were also 
formed. The selectivity of the catalyst for the 


synthesis of methanol was improved by working at 
temperatures below 260° C. The effect of radiation 
was examined by introducing the cobalt-60 source 
during a thermal run. 


No effect of radiation was observed at temper- 
atures above 250° C. or below 175° C.; the results 
of three experiments between these temperatures are 
shown in Table 1. 


Table 1 

G 
(molecules 
of methanol 
per 100 eV.) 


Rate (methanol) ml. N.T.P./hr. 
Temp. (° C.) Unirradiated Irradiated Difference 


223 0-18 0:24 0-06 0-58 
204 0-103 0-200 0-097 0-93 
201 0-036 O-l44 0-108 1-04 


The value of G is calculated from the number of 
methanol molecules per 100 eV. of --energy absorbed 
in the zine oxide of weight 11:2 gm. The eftect of 
radiation is shown to be quite small and is masked at 
higher temperatures. Since the lower temperature 
limit for the effect of radiation is very close to that for 
normal thermal catalysis, it is apparent that irradia- 
tion of the catalyst does not greatly influence the 
normal reaction mechanism. Thus participation of 
holes seems unlikely, since these are not present in 
unirradiated zine oxide, which is an 7-type semi- 
conductor. 


The amount of carbon dioxide formed also increased 
under irradiation, but to a lesser extent than the yield 
of methanol. The maximum value of G obtained 
for carbon dioxide was 0°56 at 201° C. 


There seems little doubt that the observed increase 
in the rate of formation of methanol over irradiated 
zine oxide may be ascribed to direct participation of 
electrons freshly produced by radiation. At this 
temperature, both hydrogen! and carbon monoxide? 
are adsorbed as ions, so that energetic electrons may 
be expected to influence adsorption and reaction rates. 
The value of G obtained is consistent with this view if 
we assume that about 20 per cent of the electrons 
induced by irradiation are effective in promoting cata- 
lytic reaction and that about 20 eV. are required to 
free one electron. 

T. I. Barry 
R. ROBERTS 
Isotope Research Division, 
U.K. Atomic Energy Authority, 
Wantage Radiation Laboratory, 
Wantage, 
Berks. 
and Toyama, O., J. Phys. Chem., 60, 833 (1956). 


1 Gubokawa, Y., 
: S.R., 120, 


* Keier, N. P., and Chizhikova, G. I., Dok. Akad. Nauk. S.S 
830 (1958). 
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CHEMISTRY 


Concentration by lon Flotation 


Ir has been found possible to concentrate inorganic 


ions from aqueous solutions, even if very dilute, by a 
flotation technique. The principle depends upon th: 
use, as a collector, of a surfactant ion, of charg: 
opposite to the ion to be floated. The surfactant 
must be introduced in such a way that it exists as a 
simple ion, not as a micelle. This means that the 
concentration of the surfactant should not be allowed 
to exceed the critical micelle concentration, but. 
also, as soaps have a tendency to age on standing, 
the soap should be freshly prepared in alcoholi 
solution, or, preferably, dissolved in a non-polar 
solvent, such as petrol ether, which is evaporated 
off, followed by immediate solution in ethyl or 
isopropyl! alcohol. By bubbling a gas, usually air, 
into the solution, through a fine gas distributor, an 
extended air-water interface is produced. The 
surfactant tends to concentrate at the bubble, so 
orientated that the polar head carrying the charge is 
on the water side of the water-air bubble interface. 
There is an attraction between it and the charged 
ion in the solution, which seems more marked if the 
ion is polyvalent. The collector and ion are carried 
to the surface by the bubble, where a froth or scum 
is produced, depending on whether there is excess 
surfactant or not. As the froth drains and the bubbles 
break, the concentration of the collector-ion product 
increases to form, ultimately, a characteristic scum, 
often coloured, of insoluble soap, which can be easily 
removed. 


Provided the charge on the surfactant ion is 
opposite to that of the ion to be floated, the nature of 
the surfactant is not critical, though some specificity 
has been noted in that some ions are better floated 
by longer chain compounds, as these produce more 
insoluble soaps with the ions. For floating anions, 
which include the complex metal anions, the surfact- 
ant must be cationic and could be a quaternary 
ammonium salt, one radical of which is about C,, 
or above, such as didodecyl-dimethyl ammonium 
chloride or Jauryl pyridinium chloride, or it could be 
an amine salt such as dodecylamine chloride. The 
quaternary ammonium salts have the advantage that 
being salts of strong bases they can be used in alkaline 
solution. For floating cations, the collector must be 
anionic and could be sodium laurate, palmitate or 
the sodium salt of sulphated fatty alcohols. As the 
fatty acid soaps are hydrolysed in acid solution, they 
are best reserved for alkaline solution, and for slightly 
acid solutions, the sodium salts of alpha-sulphoalky! 
acids are suitable. 


The technique is very wide in its applications. 
Among others, the following anions have been floated : 
ferrocyanide, ferricyanide, cobalticyanide, platini- 
chloride, fluoberylate, uranyl sulphate anion, chrom- 
ate, vanadate, molybdate, argentocyanide, silicate, 
polythionate. The following cations have been floated : 
cupric, cuprammonium, nickel, nickelammonium, 
cobalt, cobaltammonium, aluminium, zine, manganese, 
calcium, barium, strontium, vanadyl, uranyl, thorium. 


By introducing the collector in small doses, the 
technique allows for selective concentration, the most 
strongly adsorbed ions being concentrated in prefer- 
ence to the less strongly adsorbed. A striking example 
of this is the separation of cobalticyanide ions the 
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concentration of which is of the order of mgm./I. 
{fom a solution containing anionic uranium, the 
uranium concentration being approximately 1 gm./I. 
Yhis case is interesting, because in the uranium 
industry in South Africa, cobalticyanide ions are 
eisorbed on the anion exchangers, which are used 
i» concentrate the uranium anions, and the adsorption 
i so powerful that they cannot be eluted off, thus 
c nstituting a resin poison. It is the same more 
»werful forces that are responsible for the preferential 
\otation of the cobalticyanide ions. Thus there is a 
‘perficial parallel between this new technique and 
iat of ion-exchangers, the difference being that in 
n-exchange the adsorption is at a_ stationary 
solid—liquid interface, whereas in ion flotation, the 
udsorption is at a mobile liquid-gas interface. 


nD 


There are certain precautions that have to be 
taken. First, it must be stressed that the collectors 

ust be in the molecular state and not in the aggre- 
cated micellar form. This is important, because if 
inicelles should be present, the ions will be adsorbed 
on them, producing stable colloids that have no 
tendency to float and are not easily disintegrated. 
This is why it is advisable to use freshly prepared 
solutions of the collector. Some apparent failures in 
applying the technique were traced to the use of 
olutions that had been standing for a long time. As 
the critical micelle concentration is very much less 
for the longer chain surfactants, it is advisable to 
use the shortest ones that will give a sufficiently 
insoluble soap. A second precaution. that must be 
taken arises from the fact that should the froth or 
scum be allowed to return under the surface, there is 
a danger of it being peptized by excess surfactant 
io form a stable colloidal solution. This is because 
larger aggregations of free soap have different 
properties from single molecules adsorbed at an 
interface. This difficulty is avoided by ensuring 
that the bubbles are very small and not violent 
enough to disrupt the surface froth vigorously, 
and also by the continuous removal of the froth as 
it is formed. Technically, this will present no diffi- 
culty. The temperature must not be allowed to rise 
above the melting point of the soap that is formed, 
is if it does, a liquid film is formed which breaks the 
froth and introduces unnecessary problems in 
ollection. 


In recovering values from solution, there still 
emains the problem of processing the ion-soap 
product formed. Each case would need to be con- 
idered on its merits. If the product is much more 
aluable than the reagent, it could be recovered by 
“nition and destruction of the collector. A second 
iethod would involve the solution of the soap in 
leohol and the precipitation of an insoluble salt of 
ihe metal ion, regenerating the soap. An example 
of this is the solution of the quaternary ammonium 
errocyanide soap in absolute alcohol to which 
coholic potassium hydroxide is added. Potassium 
errocyanide is precipitated and the quaternary 
‘immonium hydroxide remains in solution and can be 
‘econverted to the chloride by addition of hydro- 
‘hloride. Another method is the solution of the soap 
n a non-polar solvent such as benzene and an ex- 
iraction with strong acid. This can be applied to 
copper laurate. On extraction with hydrochloric acid, 
‘upric chloride enters the aqueous phase and lauric 
cid remains in the benzene. 


Apart from a possible advantage in eliminating a 


NATURE 


1063 


filtration and the advantage that it offers a new and 
alternative procedure for separations, the technique 
has the special merit that it can handle very dilute 
solutions, concentrations of parts per ten million 
being by no means the lower limit. This means that 
in addition to application in the extractive metal- 
lurgical field, especially when dealing with low-grade 
materials, there are possibilities in the chemical 
manufacturing industry for purification and in the 
recovery of wastes or by-products. It also has 
possibilities as an analytical technique, where it 
would be a convenient way of collecting trace 
material, or collecting ions from very dilute solution 
ringing the changes on ligands, pH, and choice of 
that are not easily determined by other means. By 
ringing the changes on ligands pH, and choice of 
surfactant collector, a wide range of separations 
becomes possible. Because it offers a clear-cut means 
of distinguishing anions from cations, and also because 
it can collect the ions selectively, the technique 
should offer a useful tool for determining, unequivoc- 
ally, the nature of the chemical species present in 
kinetic or equilibrium studies. It might also offer a 
convenient way of collecting samples for geological 
prospecting based on the sampling of rivers for 
dissolved metals. 

Because ions can be concentrated from very dilute 
solutions, the recovery of values from the sea can 
for the first time be considered as an economic 
possibility. It is recognized that a wide variety of 
elements exist in the sea, albeit in very low concentra- 
tions. Hitherto, the movement of the large bulk of 
water has presented an insurmountable obstacle to 
economic recovery of these elements. In ion flotation, 
however, it is only bubbles that have to be moved, 
and the volume of sea to be stripped can be increased 
by increasing the depth at which the bubbles and 
collectors are introduced. It has been calculated, 
based on approximate figures, that if a curtain of 
bubbles is introduced from a pipe 100 m. long, sunk 
to a depth of 100 m., in an area where a current of 
3 knots flows, the quantities of materials in the volume 
swept by these bubbles in an hour would range from 
27,500 kgm. of aluminium, through 50-500 kgm. of 
copper and 150 kgm. of uranium to 300 gm. of gold. 
If a reasonable fraction of this could be collected 
and carried to the surface, it might become of 
economic, if not of strategic, importance. Limited 
to beaker experiments, it has not been possible to 
work at such dilutions, but it has been found possible 
to collect copper from solutions only 100 times more 
concentrated than the sea. 

There is a possibility of using the technique in 
reverse to solve some sewage effluent problems, 
particularly the foaming nuisance of dodecylbenzene 
sulphonate. The addition of aluminium ions to the 
solution changes the foam to an easily handled 
scum, and in the same way, ferrocyanide ions can 
be used to remove any cationic soaps that may have 
escaped into effluents. 

Thanks are due to Messrs. Armour and Co., of 
Chicago, Illinois, for permission to publish this 
preliminary report. 

F. SEBBA 


Department of Chemistry and 
Chemical Engineering, 
University of the Witwatersrand, 
Johannesburg. 
June 2. 
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Hydrogenolysis of Carbon-Oxygen Bonds in 
some Aromatic Compounds by Electrolysis 


= 

Wee have examined the reduction of anthraquinone 
and %: LO-dincetoxy-anthracono to 9; LO-dihydro 
anthracene and xanthydrol to xsanthone by controlled 
potontial moreury cathode in 
dimethylormamide, phenol boing present as proton 
donor in the experiment on the quinone, We have not 
previously report of carbon-oxygen 


electrolysis oon oa 


encountered a 
seinsion brought about by such menns, 
Anthraquinone gives a small polarographic wave in 
dimethylormnamide at 215 Veo (versus mercury 
pool anode)', which in the presence of phenol (mole 


ratio 21S) inereases in howht and is resolved finally 
into two waves, each of heiht equivalent to the 
addition of two electrons’, : LO Dineetoxy. and 


chethoxy anthracene oven in the absence of a proton 
donor pave waves: whose total heyht is equivalent to 
the addition of four eloetrons, andoin the presence of 
phonol the total homht ineronsos stil further! One 
any Of these compounds im reduced to a derivative of 
Y: LOdhhydrownthracene one would not ox peet further 
roduetion, sinee Che produets contain two unconjugated 
reducible at 
the 
position potential of the supporting eloetrolyte, A 


which nornuilly 


the dropping: meoreury 


benzene rings are not 


eleetrode before decom 


Hitler satiation aries in the polarography of xan 
thone; this pives a third wave a addition to the two 
nesnocmited with the reduetion of the carbonyl groupe}, 


Mc we 


over, xanthydrol pivess a reduction wave of potontiul 


Which inereases: i heuydhit aet phenol is added® 


Close to thatoof the third wave of xanthone 


In order to identify the reactions responsible for 


these unexpectedly large wave heyrhts, we have 
cleetrolysed anthraquimone (bE pan 10 gro. phenol in 
400 nl) 8: LOdiacetoxyanthracene (O63 pam. in 


1H0 al), and santhydrol Cb pam. am 260 nob), cesaeage 
Ol A iodide oan 
formamide gas MUP porting cloetroly lo, 


totracthylanmoninio dimethyl 
Reoduetion took 
place on a stirred mercury cathode whose potontial 
(Qnenwired against a small mereury pool reference 
controlled at 2h Vis for further 


dotails of apparatus and technique seo rot, 3 


electrode) was 


The total consumption of electricity corresponded 
to the addition of & LO electrons to the quinone and 
In both cases the current fell ler 
rapidly than exponentially, suggesting: that omhor a 


G6 to the dincetate 


slow non-cloctrochemucal ronetion mtorvenes between 
Htopa of the reduction, or one of the cloctron transfor 
stops i unusually slow, 

After the current had fatlon to a fow milliamperes 
the solutions were diluted with water and the products 
extracted with chloroform. Ino the anthraquinone 
experiment the extract afforded a 60 por cont yield of 
W: LOdihydroanthracene (identified by melting-point, 
muxed melting point, and infra-red and ultra-violet 
spectra), and a LO per cont yield ofa dark purple solid, 
The latter pave a preen solution in hot aleohol, from 
Which purplo crystals deposited on cooling, Tie infra 
red spectrum: resemblod that of a mixture of anthra 
quinone and phenol (a donor-acceptor complox?), but 
itn two polarographic waves were at low nogative 
potentials than those of anthraquimone in the prosonce 
of E molecule of phonol (O16 and 065 V. com 
pared with 32 O75 V.). Tho product of 
reduction of Y: LO-dincetoxyanthracono gave a 60 


and 


por cont yield of : LO-dithydroanthracene, idontifiod 
Tho product of reduction of xanthydrol 
was identified as xanthene by mp. and mixed m.p. 


an before 
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(recovery 30 por cont; but much of product accidentally 
lowt). 

Phonanthraquinone and bo: denaphthaquinone wero 
also reduced electrolytically in the presence of pheno!, 
the electricity consumption corresponding to the 
addition of about 
However, in neither case could a definite product be 
obtained, ‘The yielded by phenanthra 
quinone was phonolie; that given by the naphtha 
quinone oxidized rapidly in the aie daring working up 


10 and 6 electrons respectively 


material 


HO thet at was proably also phenolic, Tt appears there 
fore that neither of Chose quinones lot any major part 
of their oxyyen by reduction; many ease with: thers 
compounds the large oloetron uptake can be aecounted 
for by reduction of the aromatic nuclous 

Ht will be noted that the three compounds found to 
suffer carbon ox yon semaron can all be regarded: as 
derivatives, 
carbinol 


or convertible to derivatives, of dipheny! 
Triphenyl carbinol is notable for its onse of 
reaction with negatively charged tons such as halide, 
and the reaction offen proceeds by prior tonization® 


Pha CO Phy! | OH 
Diphenyl carbinol das a stmatar but low marked 
tendency to yield a carbonium ton. Phus the sub 


Htanees now found to lone oxypon by reduetion are of 
the type known to lose hydroxyl ions comparatively 
readily hbonzhydrol (ciphenyl 
Htwelf shows no wave oven in the provence of phenol, 
evidently the provided by a 
hydroxy methylene or an oxypon bridge ins necessary 


However, carbinol) 


further aetivation 
for scission Of ox ypen to be fast enough to be detoeted 
polaropgraphically 

The romoval of hydroxyl from xanthydrol can only 
bowchroet nucleophilic displacement ronetion, aime the 
Hydroxyl 
or aeetate tons could be displaced from: the anthracen 


atom from whieh itis detached is saturated 


derivatives: in the same way onee the nucleus had been 
reduced to the : LOedihydro condition, But here 
there it an alternative OW’ or OAc 
from the incompletely protonated dihydroanthracen: 


dinsociition of 


structure, Thus in big. bP Hor OAe): 
OR OR OR OR 
L I ; _? r 
; 2 iT On : 
ek ar ae at Rae ae ae 
1 1 x, 1 
On P HOR 
H " WOR at (44) 
A int | 
Analy 7 
38") <= 23 
1 Y) 
H " " 
Vig. | 


(for simopheity, charges aro shown 





localizod on par 
ticular atoms), This altornative in made possible by the 
oxistonee of the stablo intermediatos formed in steps 
(3) and (6), Its fonmbility cloarly depends on the rates 
of those dissoctationsa, whieh in turn will be determined 
by the structure of the roast of the molecule; it is cloarly 
low in the phonanthraquinone reaction sine orthe 
quinonoid structures would bo involved, the diphenyl 
carbinol structure is absent, and the contro ring hae 
lows aromatic charactor than it has in the linearly 
condensed isomer, : 

Wo have observed some lows of oxygen from solvent 
extracts of coal on oloctrolytic roduction in dimethyl 
formamide in the presence of phonol, which we 
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tribute to reactions of the typo discussed above; 
in WIL be reported oluowhere, 


PP. Ob. Clivien 
M. Ki. Proven 


© British Coal Utilization Research Association, 
Leatherhoad, 
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iven, PIE, 2 Chem, Sor "OND (TON) 
ven, DHE and Peover, Mob, (paper sabimitted te 20 Chem. Sov ) 
ven, PTE and Peover, MOB, Proce. Dneth Pued Conf, Seleneo ta the 
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‘ civen, Bob, Peover, Mon. and Schoen, J, 2. Chem, Soe, 2074 Cie) 


opel, (We, OS trinet one 
(Hell, London, boa) 
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Paper Chromatographic Separation of 
Components of Rose Bengal Labelled with 
lodine-131 


bengal 
with 


Rose (totraiodotetrachlorothiorescein) la 
helled todine- ESL tn to tont 
hopatie funetion. Pho most used teste are those of 
Mlahd and Nordyke! and ‘Paplin, Meredith and Kade®, 
In both ftowts it is assumed that the dye, injected 
cndovenously, in chiminated only by the fiver. Expert 
montacon the climination of the dye were made with 
labollod rose bengal supplied by a well: known labora 
fory specmilizing in radio pharmacoutioals, 
howea Chat 


used oan mecdeme 


Tho study 
the dimination curve could be resolved 
the 
the liver, porhuapoes 


This supposte Chat 
only by 


mito two exponential curves, 
not chiomimated 
hecmuae the dye is not oa single chomical subsatanee. 
Stowe, Delprat and Weeks? have direetod attention to 
the fret that the Tiver only eliminates rose bengal 
Whenot has eiphit balopena, Ghat is, when itis the pure 
chemical compound totrarodotetrachtorofuorescein 


ayo is 


We attempted to separate the components of the 
by paper chromatography. One-dimensional 
chromatogramea wore rin using ao mixture of butanol 
and aeetie acid: (20 per cont) as solvent. wo com 
ponontea were identified, one with By zero and one with 
By O98 (Mig. 1). 


ye 


By the count-ratio the amount of 


Heal Hod Jolvent front 
& - | 
Ny 0 OM 

hiv. | Chromatogram of rose bengal using butanol acetic acd 


ae nolvent 
ubstanee with Ry zero was found to be ES por cont 
of the amount of substanee with By OOS, Tho oripinal 
rod colour of the dye usually fades on chromatogram 
lovelopod with butanolnacetio acid. he 
rontored by oxposing the strip to ammonia vapour, A 
paratiol chromatogram: was run with Che samo solvent, 
dding, potawsium: iodide to the rose bengal to caleu 


colour is 


wo the the Ry for free todide; the iodide apot was 
ilontifiod with load acotate with Ry Ob. The spot was 
of radionetive, indicating that no oxchanpgo took place 
ith the rose benpad, 

lnhida et al, using othanolammonin as solvent, 
found an Ry value of O60 for rose bengal. Wo tried a 
mixture of 26 por cont othanol, 5 per cont ammonin 
1: Poamade up with 70 por cont water as solvent and 
found that by running the chromatoprams and allow 
ny the solvent to drip from the end of the strips, the 
pot rat 
whive (ip, 


Ry O6O resolved into three rod spots, all 
2), With this samo mixture as solvent 


mn active colourless apot with Ry O36 was always 
found; it is not froo iodide, which had Ry OO5 with 


(he same solvent, 
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r ) i iD 
Ry Ons 
iy, 2 Chromatogram of rose bengal tiaday ethanelammonta a 
olvent 
Two-dimensional chromatograms were run with 
butanolacetio ncid and othanolammonia, four 
active components were found: one colourlows and 


three others with the original colour of rose bengal. 
Soparations by paper column chromatography, wath 
those solvents, out in order 
separate the four components for myoetion and to 


aro bem carried to 


follow the olimination of cach component. 


W. Lima 


KAUsTO 
Racdhochemucal Diviston, 


Romuno Ro Pisnone 
Rachobiology Division, 
Institato Mnerin Atomica, 
CLP. PLOAD (Pinhermos), 
S. Paulo, Brazil 
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Anion Exchangers Based on Cellulose 


A sinies off anion oxchanyve derivatives of collulose 
has boon prepared and characterized. “Pho proparative 
technique wast based on the roaetion of alkali collulone 
with organic halides and: sulphates; this is a well 
known method for preparing collalose others, and by 
choice of suitable reagent prodtucos ton exchangers, 
A reaction of this typo can be roprosonted by equations 
(1) anel (2): 


Col -ONa ECUCH, )pNRR > 
Col O(CTE)yNRAR | Nac (1) 
Col ONa | HOSO,O(CEE )yNRRS > 
Col -O(CHL J) aANRR’ | NablSo, (2 
Tho chloro compound in the most froquently used 


halide, a boing gonorally bor 2. and Rowand Ro boty 
hydrogen or allyl, aryl, ote., radhieals, 

In the above equations anion oxchangers are 
produced: and the atladi collulose is reprosentod by 
Col ONa. Whilst the various views on the structure 
of this adduet need mot be discussed hore, froo alkali is 
alwiys prodent in the ronction mixture, lex portmontal 
difficultion arise from the compotition for the ethort 
fying: ayront betwoon the alla colluloso and this froo 
oxcoss alkali, ‘The of the most suitable 
reagent in wovernod largoly by the ronactivitios of the 
haloaminos and amine hydrogen sulphates. fn this 
work all the reagents wore proparod: (and purifiod if 
nocossary) in the laboratory to oliminate side offoets 
introduced by the use of commercial materials, In 
any the compounds aro not com 
morcially available, and mothods had to be dovelopod 


choo 


ovent, muany of 
for their aynthosos. Tn poneral, this was achtoved by 
roacting the roquisito mononlkanolaming with either 
thionyl chloride to yield the ehloroalkyl amine* or 
fuming: sulphuric acid to give the sulphato dorivative®. 

A worios of anion oxchangors (19) waa proparod 
by roacting alkali collulose with tho following com 
pounds; chloroothylamine (1); ehloroethyldime 
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thylamine (2); chloroethyldiethylamine (3) ; chloro- 
ethyldi-isopropylamine (4) ; and the following 
hydrogen sulphates : aminoethyl (5), dimethylamino- 
ethyl (6), diethylaminoethyl (7), di-2sopropylamino- 
ethyl (8), di-2-ethylhexylaminoethyl (9). 

The following illustrates the preparation of the 


anion exchanger using chloroamines: 20 gm. of 


purified wood cellulose were mercerized with 80 gm. 
of 20 per cent sodium hydroxide solution and to the 
mixture 50 gm. of 50 per cent aqueous chloroethyldi- 
isopropylamine solution was added. ‘The thoroughly 
dispersed mixture of reagents was heated at 105°C. 
for 60 min., after which it was washed and cycled with 
acid and alkali. It was finally washed free of excess 
electrolyte. 

A typical reaction employing the sulphate com- 
pound was as follows: A 10-gm. sheet of cellulose 
was steeped in a solution of 5 gm. sodium hydroxide 
and 10 gm. diethylaminoethyl hydrogen sulphate in 
19 gm. of water, and heated at 100°C. for 60 min. 
It was then washed and cycled with acid and alkali. 
Finally, it was washed free of soluble electrolyte. 


v2.—— 
is 
© »307---- 


10 | 


‘ nee 
if 








pH 





ss 
pot te 


7 y= SLE 
2 O-4 0-6 Os 1-0 
Degree of neutralization 
rig. 


Figure 1 gives the titration curves obtained by 
the equilibration technique, using hydrochloric acid 
as the titrant in presence of 0-1N potassium chloride 
solution. It can be seen that the preparations gave 
products of varying basicity and exchange capacity. 
A general feature of the results is the independence 
of the extent of substitution on the size of the 
functional group until the ethyl hexyl derivative is 
reached, which is apparently excluded from the 
cellulose phase. ‘This is searcely surprising con- 
sidering the interstitial spacing of the individual 
cellulose chains, even after mercerisation of the 
polysaccharide. Discussion of the swelling must of 
necessity be incomplete, because of variations in 
mercerisation, which lead to differences in the break- 
down of the crystalline regions of the cellulose. Thus 
the intramicellar capillaries which sorb water by 
purely physical forces (as opposed to water associated 
with the exchange sites of the polyelectrolyte) will be 
disturbed and varying amounts of water retained. 
Nevertheless, it can be seen that the nitrogen content 
and functional group play a dominant part and, as 
expected, the larger the aliphatic side-chain of the 
amine the less the swelling. The titration curves 
show that the two preparative routes lead to similar 
exchangers, dependent on the amino groups only, and 
a characteristic feature is the absence of any indication 
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TABLE 1 


Derivative Nitrogen Exchange capacity in Equilibriu 
content meq./gm. dry exchanger swelling 
% (water 
Calculated Experimental content 
(at pH5) in %) 
1 O14 0-10 
2 0-48 0-34 0°33 65 
3 1-59 1-14 1-06 69 
1 0-97 0-69 0-69 59 
5 1-31 0-94 0-72 70 
6 O17 0-12 58 
7 O89 0-64 0-56 63 
5 0-75 0-54 0-53 57 
9 0-09 0-06 57 


of polyfunctionality, which fits the ideal equations of 
this reaction and makes these exchangers particularly 
useful. 
these ion exchangers is their hydroxylic nature, which 
affects the affinities, equilibria and 
exchange ; the investigation of these properties is in 
progress. 

Thanks are due to my colleagues Mr. B. N. Brook 
and Mr. R. C. Parsons for experimental work and the 
Directors of Messrs. W. and R. Balston, Ltd., for 
permission to publish. 

A. O. JAKUBOVIC 
Whatman Laboratory, 
W.and R. Balston, Ltd., 
Maidstone. 
Aug. 7. 
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BIOCHEMISTRY 


Reversal by Acetylcholine of the Inhibition 
by Thyroxine of Oxidative Phosphorylation 
in Guinea-pig Heart Sarcosomes 


THE inhibitory effect of thyroxine on oxidative 
phosphorylation of mammalian mitochondria was 
demonstrated by Lardy and Feldott!, and Maley and 
Lardy?. 

In the course of experiments carried out in this 
laboratory on the effect of several autopharmacolo- 
gical drugs and synthetic compounds of quaternary 
ammonium on oxidative phosphorylation of heart 
sarcosomes, it was found that acetyl choline, besides 
showing a stimulatory effect on oxidative phosphory 
lation of «-ketoglutarate by heart sarcosomes shows a 
very clear effect on the reversal of the inhibition of 
oxidative phosphorylation by heart sarcosomes 
caused by thyroxine. 

Guinea-pig heart sarcosomes were prepared in 
sucrose (0°32. M)-—-versene (0001 M7) adjusted to 
pH 7:5 with sodium hydroxide isolation medium 
according to the method of Cleland and Slater’. 
Assays of respiration and phosphorylation were 
carried out in 2-ml. volume in a medium containing 
sucrose (0°32 M), potassium chloride (0°018 M), 
phosphate buffer (0-018 M at pH 7:5) and sarcosomes 
(approximately 2°6 mgm. protein); the other additions 
are indicated in the figures. 

Respiration and oxidative phosphorylation were 
assayed polarographically by the method of Chance 
and Williams’. An oxygen electrode apparatus 
according to Davies and Brink® was used, assembled 
with an electrode of the rotating type according to 


An important feature in the application of 


kinetics of 
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(The oxygen electrode used in 
Britton Chance’s labora- 


Ithoff and Laitinen®. 
is work was built at Prof. 


t 
tery, Johnson Foundation for Medical Physics, 
University of Pennsylvania, to whom we are indebted.) 


Thyroxine inhibition of oxidative phosphorylation 
a tightly coupled preparation, as heart sarcosomes, 
ows a very definite effect on the respiratory control 
the preparation’. Thus, addition of thyroxine on 


ne 


toe system containing the medium, «-ketoglutarate, 
aid sarcosomes, causes an uncoupling of oxidation 


d phosphorylation, with the consequent decrease of 
‘respiratory control coefficient. Further addition of 
etyl choline, however, causes a complete reversal of 
e inhibitory effect. of thyroxine, bringing back the 
spiratory control to the preparation which behaves 
ain as a tightly coupled preparation. Thus, it 
‘ms that thyroxine and acetyl choline are typical 
ochemical antagonists. On the other hand, we 
— to demonstrate any adrenaline effect on oxida- 

» phosphorylation of heart-muscle sarcosomes——a 
obalite indication that at this level, adrenaline and 
acetyl choline do not act as antagonists. 
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Vig. 1 Polarographic assay of respiration and oxidative phos pho- 


rvlation in guinea-pig heart sarcosomes. ‘The recorder is one of an 
Esterline-Angus type 

Fig. 1 shows a control experiment. which ean be 
analysed from left to right. To the air-saturated 
medium (240 uM oxygen) containing 18 ml. of 
lution containing sucrose (0°32. M), potassium 
chloride (0°018 M), and phosphate buffer (0-018 47 
pH 7-5) 0-2 ml. of a sarcosome suspension was added 
followed by the addition of «-ketoglutarate (2°5 
10 4 M). With the addition of 250 2M of adenosine 
liphosphate, there was an acceleration phase of 
respiration (‘active state’ or state 3), and the respira- 
ion was increased 3°64-fold. As the preparation was 
ightly coupled, it showed a very clear respiratory 
ontrol. After the adenosine diphosphate becomes 
lepleted, the respiration decreased by a factor of 
64. The ratio of adenosine diphosphate, te oxygen, in 
his experiment was 3°20. 
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Fig. 2. Polarographie assay of the effect of thyroxine and acetyl 
choline on oxidative phosphorylation of guinea-pig heart sarcosomes 





Kig. 2 shows an experiment where sarcosomes were 
re-incubated with thyroxine (3:0 10-5 M_ final). 
\fter suecessive additions of medium, thyroxine, 
arcosomes suspension, and «-ketoglutarate, 250 pM 
of adenosine diphosphate was added. It can be seen 
that now there is a very neat uncoupling of phosphory- 
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lation and oxidation with the preparation showing a 
poor respiratory control. This step was followed by 
the addition of 10u1 of a 0°61 M solution of acetyl 
choline, which by its turn was followed by the addition 
of 250 uM of adenosine diphosphate. Then the respira- 
tion was again stimulated and the rate of respiration 
was increased 3°57-fold during the active state which 
was followed by a very neat decrease of the respira- 
tion by a factor of 3:28. Thus, the preparation 
regained its respiratory control, and came back to the 
quiescent state, after the depletion of the phosphate 
acceptor, behaving again as a tightly coupled prepara- 
tion. 

Thus, it seems that acetyl choline is able to restore 
the normal oxidative phosphor; ‘ylation propert ies of a 
guinea-pig heart sarcosome which was pre-incubated 
with thyroxine and inhibited by it. 


Heiror MEDINA 
Merry BaciLa 
Instituto de Bioquimicé 
da Universidade do Paranda, 
Caixa Postal, 939, Curitiba, 
Kstado do Parana, Brazil. 
July 
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Separation of Prealbumins by Starch Gel 
Electrophoresis 


SEPARATION Of Complex protein mixtures can bo 
achieved by electrophoresis in’ starch gel'-§, the 
resolving power of which can be further increased by 
substituting for the routinely employed borate buffer 
a discontinuous system of buffers’®.  Smithies has 
recently improved the resolution by applying serum 
directly into wells cast in the gel and performing 
the electrophoresis with the gel in the vertical 
position’, 

I wish to report on results obtained with this last 
technique in which (Connaught 
Medical Research Laboratories, 
in conjunction with the discontinuous system of 
buffers for the preparation of the gels. Subjecting 
normal and pathological —— sera to electrophoresis 
in such gels for 5-53 me at 6 V./em., several protein 
zones were detected i : feo of the albumin instead 
of the two usually contin This result was not, 
however, satisfactorily reproduced in every experi- 
ment since the separation of the protein entities occurs 
ahead of the albumin on a very narrow area of the 


‘starch-hydrolvsed’ 
Toronto) was used 


gel. 

This region is governed by the distance between 
the front of the albumin and the high-voltage gradient 
of the discontinuous system of buffers, the latter 
being constantly visible as a migrating brown line. 
In general, but within certain limits, the longer the 
distance between the two, the better the resolution of 
any protein migrating faster than human albumin. 
The distance differs with starches of various origins 
and its measurement provides a simple and effective 
means of assessing any starch with respect to this 
property. In some the distance may equal the length 
of the whole electrophoretic pattern, in others it may 
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Fig. 1. Photograph of a vertical starch-gel electropherogram. 

Figure shows anodic portion of the albumin (Alb.), distribution 

of the prealbumins, and position of the high voltage gradient 

(VG). Zone 1 is the acidic-a,-globulin ; zone 2 is prealbumin A ; 

zone 3 is a new prealbumin. The distance between the albumin 

front (AF) and the high voltage gradient measure 2-5 em. after 
54 hr. at 6 V./em. 


measure only 0-5 em. By mixing two starches in 
varying concentrations, the effective arca can be 
adjusted at will. 

The optimal conditions for normal human sera were 
established by preparing the gels from starch-hydro- 
lysed (final concentration 11 per cent), and Baker’s 
starch (lot No. 8072, final concentration 2 per cent), 
and conducting the experiment at room temperature 
under standard conditions given above. Fig. 1 
demonstrates a typical result obtained with normal 
serum. Three protein zones are present ahead of the 
albumin. The fastest has not been previously recog- 
nized, It was present in very low concentration in 
every one of the 35 normal individuals screened, The 
protein migrating immediately ahead of the albumin 
belongs to the acidic-%,-globulin and was previously 
identified as a single zone??, However, in certain 
sera this zone can be separated into two. The inter- 
mediate protein zone is prealbumin A28, 

Since even greater multiplicity of prealbumins has 


been observed through studies on sera and urines of 


nephrotic children (Poulik, Zuelzer, and Meyer, in 
preparation), no attempt is made to classify the new 
components until their classical electrophoretic 
relationships are firmly established. 

This work was supported by a grant from the 
Michigan Chapter of the National Nephrosis 
Foundation. 

M. D. Pouik 


Child Research Center of Michigan, 
Detroit, Michigan. 
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ANIMAL PHYSIOLOGY 


Evidence for Phosphatidic Acid as the Sodium 
Carrier 


THE mechanism of active transport of ions is one 
of the basic problems of cell physiology. For example, 
most cells extrude sodium against a concentration 
gradient, and the system which brings this about has 
been termed the ‘sodium pump’. The biochemical 
mechanism of the ‘sodium pump’ has remained a 
mystery. In view of the fact that the turnover of 
certain phosphatides is concerned in the active 
extrusion of organic molecules from endocrine and 
exocrine glands', we have recently investigated the 
possibility that this turnover may also be involved in 
the secretion or active transport of sodium ions. The 
salt glands of marine birds are particularly suitable 
for studying this problem, since they are capable of 
secreting an apparently*® pure solution of sodium 
chloride in concentrations as high as 0:84 M. Further- 
more, the secretory activity of the gland can be 
stimulated by cholinergic agents. The secretion of 
sodium chloride by the salt gland is normally regulated 
by the activity of that branch of the facial nerve 
(cholinergic) which innervates it, and which in turn 
appears to be regulated by osmoreceptors. 

Incubation of slices of the salt gland of either the 
Black-footed or the Laysan albatross with acetyl- 
choline plus eserine led to a marked increase over 
controls in the incorporation of phosphorus 32 into 
phosphatidic acid (fifteen-fold) and a smaller increase 
(three-fold) in incorporation into phosphoinositide. 
There was a comparatively slight increase in in- 
corporation of phosphorus 32 in phosphatidyl choline 
and phosphatidyl ethanolamine. These results are 
shown in Table 1. There was very little incorporation 
of phosphorus-32 into phosphatidyl serine under these 
The stimulation of phosphatidic acid 
turnover was far greater than has been observed in 
any of the other tissues studied. It is likely that at 
least a part, if not all, of the stimulation of ineorpor- 
ation of phosphorus 32 into phosphoinositide in the salt 
gland is secondary to the stimulation of this incorpor- 
ation into phosphatidic acid, since phosphatidic acid 
appears to be one precursor for phosphoinositide 
synthesis*. The relatively slight stimulation of 
incorporation of phosphorus-32 into phosphatidyl 
choline and phosphatidy! ethanolamine may also be a 
secondary effect —a small part of the pool of each of 
these phosphatides may be derived from phosphatidic 
acid or one of its breakdown products. It is very 
improbable that the stimulation of incorporation of 
phosphorus 32 into phosphatidic acid by acetylcholine 
could have been a secondary effect, since the other 
phosphatides failed to show a similar response and the 
incorporation of phosphorus-32 into the acid-soluble 
phosphate ester fraction, seven minute acid hydro- 
lyzable phosphorus (adenosine triphosphate), phos- 
phoprotein and nucleic acids was not stimulated. 

From these results it appears likely that phos- 
phatidic acid is the sodium carrier, according to the 
mechanism postulated recently for the transmembrane 
transport of hydrophilic substances generally‘. For 
the secretion of sodium the postulated mechanism 
is as follows. Phosphatidie acid is formed by di- 
glyceride kinase* from = diglyceride and adenosine 
triphosphate at the inner surface of the luminal 
membrane. — Sodium specifically with 
phosphatidic acid by ionic linkage. (The specificity of 
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Incorporation of P** into phosphatides 
(Total counts per min. per 100 mgm. tissue)* 


Concentration Phosphatidic acid 


0) 
acetylcholinet Control ACht Control 
10°-*M 13,000 100,000 38,100 
10°°M 11,700 137,000 31,800 
10-*M 10,600 163,000 27,800 
10-°M 12,200 185,000 34,400 


Phosphoinositide 


Phosphatidyl choline Phosphatidy! ethanolamine 


ACht Control ACht Control ACht 
102,000 85,000 113,000 18,900 21,200 
87,000 74,600 98,600 14,500 24,500 
83,500 73,400 110,000 14,000 23,600 
83,500 87,600 104,000 16,700 21,000 


lices of the salt gland were incubated in bicarbonate saline with added glucose (1 mgm./ml.) and sodium dihydrogen phosphate labelled with 


p! osphorus-** for 2 hr. at 37°C. 


“serine sulphate (10°4M) was added with acetylcholine. 


puosphatidie acid for sodium is likely to be determined 
by a particular protein with which phosphatidic acid 
is probably loosely combined at the inner surface of 
tlie membrane. A good analogy is a coenzyme which 
has no specificity for the substrate but which par- 
ticipates directly in the enzyme-catalyzed reaction.) 
‘The sodium salt of phosphatidic acid, which is 
lipoid-soluble, diffuses across the lipoid membrane, 
where it is hydrolyzed by phosphatidic acid phos- 
phatase‘, forming diglyceride and disodium phosphate. 
The hydrophilic sodium is discharged into the 
aqueous lumen. The lipophilic diglyceride diffuses 
hack to the inner surface of the membrane where the 
cycle is repeated. The enzymes, diglyceride kinase 
and phosphatidie acid phosphatase, have been shown 
to be present in the membranous fraction of a cell-free 
preparation from brain tissue and evidence has been 
presented that these are the enzymes involved in the 
increased turnover of phosphatidic acid in response to 
acetylcholine’, 

The increased turnover of phosphatidic acid in the 
salt gland on stimulation with acetylcholine offers e 
possible explanation for the similar effect observed in 
brain cortex slices and in brain microsomal mem- 
branes!:4, Along with depolarizing the postsynaptic 
membrane, acetylcholine may activate the ‘sodium 
pump’, which extrudes sodium from the nerve 
following its influx during depolarization. 

Based on the fact that they form lipoid-soluble 
salts with cations several workers® have suggested 
that phosphatides, including phosphatidic acid, may 
he cation carriers. However, until now no direct 
biochemical evidence has been obtained for this. 


We are grateful to Dr. Sidney R. Galler, U.S. 
Office of Naval Research, and Lieut.-Comdr. Glenn A. 
Wilson, for providing us with albatrosses, and to 
Prof. Hubert Frings for advice on their care. This 
work was supported by grants from the United 
States Public Health Service, Cerebral Palsy Research 
and Educational Foundation, Eli Lilly and Co., and 
the Wisconsin Alumni Research Foundation. 
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After incubation the tissues were ground with sand, and the phosphatides were isolated as described elsewhere 


). 
* Corrected to a specific activity of 10° counts per minute per wgm. phosphorus for the inorganic phosphorus in the medium. 


Reflex Inhibition of Intestinal Motility 


StnceE the classical study of intestinal motility by 
Bayliss and Starling! it has been generally assumed 
that the parasympathetic and the sympathetic com- 
ponents of the autonomic nervous system exert a 
central, reciprocal control of the activity of intestinal 
smooth muscle. Thus, sympathetic fibres, running in 
the splanchnic outflow, should convey centrally 
induced inhibitory effects. Exactly how this inhibi- 
tory influence is brought about in reflex excitations of 
the sympatho-adrenal system is, however, not known 
in detail. At least four principally different modes of 
action may be considered: 

(1) Specific, inhibitory sympathetic fibres in direct 
contact with the intestinal smooth muscles, according 
to the classical conception. 

(2) A local ‘overflow’ of the adrenergic transmitter, 
released at the intestinal vasoconstrictor nerve endings. 

(3) Local chemical changes induced by the neuro- 
genie reduction of the blood flow to the intestine. 

(4) Hormones from the suprarenal medulla, re- 
leased by splanchnic nerve activation. 

Experiments were performed on cats anwsthetized 
with nembutal or chloralose-urethane. Parasympa- 
thetic reflex influences were excluded by acute 
vagotomy. Intestinal motility was measured by 
means of a continuous recording of the luminal 
changes in an intestinal segment, isolated in situ 
but with intact nerve and blood supplies. The venous 
otitflow from this segment was continuously recorded 
by a closed optical drop recorder connected to an 
ordinate-writer. Arterial blood pressure was measured 
from one of the femoral arteries. 

Reflex inhibition of the intestinal motility was 
induced in the following different ways: (a) occlusion 
of the carotid arteries, (6) graded withdrawal of blood, 
(c) electrical or mechanical stimulation of the 
saphenous nerve, (d@) distention of other, isolated parts 
of the intestine. In the course of these procedures for 
inducing reflex inhibition of the intestinal motility the 
effects of adrenalectomy and of sympathetic denerva- 
tion of the intestinal segment on motility and blood 
flow were studied. These inhibitory effects were com- 
pared with the effects obtained by graded electrical 
stimulation of the splanchnic nerves by intravenous 
infusions of catechol amines and by mechanical 
reductions of the intestinal blood supply. 

It was found that. inhibitory responses induced by 
carotid occlusion, by withdrawal of blood or by 
stimulation of afferent somatic nerves were un- 


influenced by postganglionic sympathetic denervation 
of the intestine. Inhibitory responses, however, were 
not obtained after adrenalectomy or when the venous 
blood from the adrenals was diverted from the general 
circulation. 
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By re-infusion of the adrenal venous blood thus 
collected, an intestinal inhibition appeared, which was 
essentially identical with that obtained when the 
adrenal circulation was intact. 

As long as the adrenal glands were intact, direct 
splanchnic stimulation induced an almost maximal 
intestinal inhibition at frequencies as low as 1-2 
impulses per second. ‘The latency of the onset of this 
inhibition corresponded to the circulation time from 
the adrenal glands to the intestine. Contrary to this 
delayed, but pronounced inhibitory response, the 
intestinal vasoconstriction obtained by splanchnic 
stimulation was always prompt. After exclusion of the 
adrenal glands splanchnic stimulation still induced a 
prompt vasoconstrictor response but it was now in 
general necessary to use frequencies above 8-10 
impulses per second to induce significant intestinal 
inhibitions. At these frequencies, however, an ‘over- 
flow’ of the adrenergic transmitter from the vaso- 
constrictor fibre endings is known to take place?:3. The 
inhibitory response to splanchnic stimulation, obtained 
with high frequencies after exclusion of the adrenal 
glands, thus appears to be a consequence of the vaso- 
constrictor fibre activation, confirming recent findings 
by Celander4:>. This inhibition seems to be caused by 
the ‘overflow’ of transmitter, and/or by the mere 
reduction of the intestinal blood supply. 

In striking contrast to the delayed intestinal inhibi- 
tions seen on direct stimulation of the splanchnic 
nerves at ‘physiological’ frequencies or in the above- 
mentioned types of reflex sympathetic activations, 


which appears to be predominantly a consequence of 


the adrenal medullary secretion, a prompt and intense 


intestinal inhibition occurred regularly on distention of 
another, isolated part of the intestine. The rapidity of 


the onset of this latter inhibition had all the charac- 
teristics of a direct, neurogenic mechanism. The same 
type of inhibition was easily reproduced also by direct 
stimulation of the nerve fibres from the distended 
intestinal segment. 

To sum up, the intestinal inhibitions seen on reflex 
activation of the sympatho-adrenal system appear to 


be predominantly a consequence of the secretion of 


catechol amines from the adrenal medulla. Even the 
small blood concentrations obtained at fairly low 
sympathetic discharge rates are capable of inducing 
a maximal intestinal inhibition. 

A full report of this work will 
Phystologia Scandanavia. 


appear in Acta 


Nits G. Kock 
Department of Physiology, 
University of Goteborg, 

Goteborg, Sweden. 
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A Method for in vitro Investigation of the 
Colloid-storing Function of Histiocytes 


OnE of us has shown as early as 1929 that the 
characteristic function of the reticulo-endothelial cells, 
namely, the granular storage of colloidal substances, 
-an also be studied in surviving tissues!. The Kupffer 
cells store colloidal gold, silver or carbon in large 
quantities if these substances are perfused in asuitable 
solution through the portal system of the isolated 
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liver!-5, Perfusion experiments carried out on rai 
liver furnished numerous valuable data concerning the 
mechanism of storage‘. 

We have now succeeded in elaborating a method by 
which the phenomenon of storage may be investigatec 
in vitro on excised connective tissue membranes. This 
procedure is much simpler than organ perfusion as 
several samples can be studied simultaneously. The 
greatest disadvantage of the perfusion technique is 
that the liver parenchyma represents a bulky ballast 
which interferes with the biochemical and pharma- 
cological analysis of the function of storage. In the 
case of the connective tissue membranes, no such 
interference occurs. 

For the mounting of the connective tissue membrane 
a clamp-like device is used, made of ‘Perspex’ or 
‘Polystyrol’ sheets which are pressed together by 
means of a rubber band. At the end of the sheets a 
round hole 12°5 mm. in diameter is cut. On pressing 
two buttons the sheets open so that the connective 
tissue membrane may be slipped between them, and 
if the buttons are then released the membrane will be 
fixed in the frame. To make sure that the membrane 
cannot slip out of the sheets and collapse, one of the 
sheets is provided with a rubber ring which fixes the 
membrane firmly. 

The dorsal hair of the rat is removed and the 
animal killed with ether. The skin of the lumbar 
region is cut on both sides and stripped from below 
upwards to the middle of the dorsum. In this region, 
with a few strokes of the scissors, it is always possible 
to isolate suitable subcutaneous membranes a few 
square centimetres in area. While an assistant 
expands the membrane with pincers, the open plastic 
device is cautiously pushed forward and a relatively 
homogeneous part of the membrane is fixed in the 
round aperture. Afterwards the membrane prepara- 
tion is separated with scissors and immediately 
immersed in the pre-warmed fluid in the incubating 
vessel. Of course, care must be taken that the mem- 
brane does not dry up in the course of preparation. 
It is still easier to insert the omentum into the device 
by simply expanding it with pincers and slipping it 
between the two plastic sheets. 

The preparation enclosed in the frame is put into a 
glass vessel into which 20 ml. of the colloid mixture to 
be examined is introduced. The stopper is provided 
with an air tube. The vessel is immersed in a water- 
bath, the temperature of which is controlled with an 
electric thermo-regulator. In the subsequent experi- 
ments it was always adjusted to 38° C. A shaker 
keeps the vessels in motion at a rate of 10 oscillations 
per min. 

The experiments have shown that the histiocyte 
system of connective tissue is able to store colloids in 
vitro. Moreover, if the medium is of suitable composi- 
tion, the cells funetion so well that the storage 
activity is scarcely less than that which can be 
observed in the living organism. 

Perfect pictures of the storing were obtained with 
diluted serum. Not only rat serum, but also foreign 
serum, is able to elicit the function of the histiocytes. 
The following mixture proved to be adequate: 10 ml. 
cattle serum, 10 ml. Ringer solution, 0:1 gm. glucose. 
Good results were also obtained with human and 
horse serum. If 15-25 mgm. colloidal gold or 10 mgm. 
colloidal silver were introduced into this mixture, 
then after 5—6 hr. the histiocytes were packed with red 
and brown storage granules, respectively (Fig. 1). 
The above quantities relate to commerical prepara- 
tions which were stabilized with protecting colloids. 
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ig. 1. In vitro induced colloidal gold storage in subcutaneous 
onnective tissue histiocytes of the rat. 6-hr. stage ; methanol fixation 


ig. 2. Storage experiment in vitro with colloidal silver. Granular 

ccumulation in the reticuloendothelial cells of a milk spot in the 

mentum of the rat. 6-hr. incubation; methanol-fixed preparation. 
Low-power view 


ig. 3. In vitro induced storage of colloidal gold in human sub- 
taneous connective tissue. The characteristicall y shaped histio- 
cytes were crammed within 7 hr. with red granules 


The diameter of the particles was about 100A. and 
200A. respectively. In the omentum membrane, 
beside the histiocytes of the stroma, numerous cells of 
the milk spots were crowded with metallic 
granules (Fig. 2). 

We not only succeeded in inducing the storage of 
colloidal metals but also that of macromolecular sub- 
stances. For example, the connective tissue membrane 
was kept for 6 hr. in the following mixture: 2 ml. of a 
‘+ per cent solution of polyvinyl pyrrolidon (molec. 
weight 35,000) 8 ml. of Ringer solution, 10 ml. of 
cattle serum, 0°1 gm. of glucose. By means of the 
ammonium sulphate-potassium periodate-potassium 
iodide reagent?:4 suitable for the demonstration 
of vinylpolymers in tissues, it could be established 
that the histiocytes contain numerous polymer 
yranules stained brown. If instead of the pyrrolidon 

mmpound polyvinyl alcohol (molec. weight 50,000) 

is used, the histiocytes were crowded with granules 
\hich showed with iodine the bluish-black reaction 
characteristic of polyvinyl alcohol. If pectin (molec. 


also 





\cight 35,000) was used as macromolecular substance 
111 a final concentration of 0:5 per cent, the histiocytes 
were erowded with pectin granules exhibiting an 
intense blue colour by supravital staining with new 
1nethylene blue. 

Successful storage experiments were also carried out 
\ith human subcutaneous connective tissue obtained 
i) connexion with surgical manipulations. The 
listioeytes readily store colloidal gold in 50 or 20 per 
cont cattle serum diluted with glucose Ringer solution. 
.longated spindle- or band-shaped histiocytes are 
Characteristic of human tissue (Fig. 3). 

Rat histiocytes function excellently in a_ fluid 
tedium containing exclusively artificial ingredients. 

he following medium was applied: 30 mgm. sodium 

iseinate, 100 mgm. glucose, 20 ml. Ringer solution, 
“J mgm. colloidal gold. After 6 hr., an abundant 
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accumulation of gold could be observed in the histio- 
cytes. 

The experiments provide evidence that for the 
elicitation of storage the contribution of only two 
factors is necessary: inorganic electrolytes and a suit- 
able hydrophil colloid. The latter need not be serum 
protein but can also be another foreign colloid. The 
liver perfusion experiments also prove that, beside 
serum proteins, casein, gelatine, or even gum arabic 
may elicit storage in the Kupffer cells!~4. 

It is to be hoped that the method described will be 
useful for the investigation of the storage phenomenon 
because it provides a unique possibility for the exami- 
nation of the effects of different physico-chemical and 
biochemical factors and various drugs on the process of 
storage. 

N. JAncso6 
AURELIA JANCSO-GABOR 
J. BALAssy 
Pharmacological Institute, 
Medical University, 
" Szeged, Hungary. 
1 Janesd, A., Z. erp. Med., 64, 256 (1929). 
2 Janesd, N., Klin. Wsehr,, 10, 537 (1931). 
* Janesd, N., Acta Medica Hung., 7, 173 (1955). 
# Janesd, N.. “Speicherung : Stoffanreicherung im Retikuto-endothel und 
in der Niere’’ (Academic Press. Budapest, 1955). 
> Ferrari, E., and Hober, R., P’fliigers Arch., 232, 299 (1933). 


‘Supercarbia’ in the Anesthetized Dog 


Atmost a hundred years ago, Bert! showed that 
carbon dioxide inhaled in concentrations of 30-50 
per cent could cause respiratory failure in the 
unanesthetized dog. In subsequent years many 
anesthetists and others have become convinced that 
retention of carbon dioxide can cause respiratory 
depression and even apnoea in man, but few have 
recorded their observations.23 Studies in unanies- 
thetized man are difficult and dangerous; but it was 
shown that, in one subject, the inhalation of 30 per 
cent carbon dioxide caused respiratory arrest, 
probably as a result of convulsions precipitated by 
the effects of the hypercapnia. What evidence there 
is, all points to the fact that concentrations of carbon 
dioxide in excess of 50 per cent cannot be inhaled 
without causing respiratory failure. 

In order to study further the alleged paralyzing 
effect upon respiration of high concenirations of 
carbon dioxide, we progressively raised the concen- 
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tration of this gas in the mixture (carbon dioxide -+- 
oxygen -+- anwsthetic) inhaled by dogs anesthetized 
with a barbiturate, cyclopropane or halothane. 
Convulsions did not occur (presumably because of the 
anwsthetic) but respiratory arrest occurred at 
inhaled carbon dioxide concentrations varying from 
23 to 55 per cent (180-440 mm. mercury arterial carbon 
dioxide tension) depending upon the anwsthetic agent 
used and its concentration. It was then possible, by 
ventilating the animal artificially, to increase the 
inhaled concentration of carbon dioxide to 60-80 per 
cent (above which level hypoxia might supervene) 
without serious cardiovascular effects (normal arterial 
and venous pressures; normal cardiac rhythm). If 
administration of the anwsthetic was then discon- 
tinued (which was possible because at such high 
concentrations carbon dioxide itself acts as an 
anwsthetic agent) the animal would resume regular, 
though slow, spontaneous respiration at a minute 
volume similar to that during the control period and 
sufficient to maintain full oxygenation of the arterial 
blood. The arterial carbon dioxide tension in. this 
stage ranged from 550 670 mm. mercury. 

We have maintained dogs in this state (which 
might) be called ‘supercarbia’) for 1 hr. or more 
without any significant change in blood pressure or 
the electrocardiogram, It has also been possible to 
return dogs to a normal carbon dioxide tension (the 
anesthesia having been resumed at the appropriate 
moment). 

These results would suggest that: prolonged severe 
carbon dioxide retention docs not necessarily arrest 
respiration and may not in itself be deleterious to the 
circulation, if the effects of the anmwsthetic agent and 
the convulsions can be climinated: the lethal limit of 
high levels of carbon dioxide, uncomplicated by these 
factors, would seem to depend largely, if not solely, 
upon the hypoxia which must accompany the inhal- 


ation of carbon dioxide in concentrations in excess 
of 8O per eent, 
CG. R. Granam 
D. W. Hin. 
J. FE. NuNN 
Research Department of Aniwsthetics, 
toyal College of Surgeons, 
London, W.C.2. 
1 Bert, PL. Pression baromeétrique,”” 1087 (Paris, 1878) 
*Securr, C. ., Brit. Med. J. 1, 565 (154). 
Iiray, T.C., Fenton, BE. S.N., Brit. Med. J., 4, 820 (1954) 
4 Lambertsen, C.J. in’ Pharmacology in) Medicine,” Drill, VoA 


Second edition, 828 (New York ‘Toronto London, 1958) 


PLANT PHYSIOLOGY 
Nature of the Olefines produced by Apples 


DuRING the past few months, we have been using 
gas chromatography for the 
ethylene in air samples from fruit stores (unpublished 
results; see also Nature of September 26, p. 995) 
A long column is used in’ order to 
the ethylene from other hydrocarbons of low boiling- 
point, and under our experimental conditions, using a 
flame ionization detector, the lower limit of detection 
for ethylene in a 0-5 ml. sample of air is about 
0-3 mugm. This represents a sensitivity at 
1,000 times greater than we obtained with a katharo- 
meter detector used previously. In order to detect 
other hydrocarbons which might be produced by 


routine 


separate 


least 


apples in much smaller quantities, large samples of 
air from apple stores were passed through a U-tube 
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fitted with a sintered plate or filled with glass woo! 
and cooled in liquid oxygen. The condensates wer: 
then liberated on to the chromatography column. 

The experimental conditions were as_ follows. 
Detecting and recording system: the output fron 
two flame ionization detectors! (fed from blank and 
analytical columns) was amplified by a d.c. curren! 
amplifier*. The output of this was recorded on i 
3-mV. potentiometric recorder. Eluent gas : hydro 
gon and oxygen from cylinders were controlled to « 
pressure of 28 mm. mercury above atmospheric by 
Kdwards VP?C1 controllers and mixed in’ equal 
proportions. Column: 5-mm. bore, length 7-3 m. 
packed with Johns Manville C22 firebrick 36-60 mesh 
range, impregnated with liquid paraffin in the weight 
ratio 100: 30. 

Under these conditions, in which butane emerged 
58 min. after the air peak, the retention volumes, 
relative to butane, of the authentic compounds 
which covered the relevant range, and were availabk 
to us were: methane, 0-01; acetylene, 0-03; 
ethylene, 0-04; ethane, 0-07 ; propylene, (0-22: 
propane, 0-27; propyne, 0:28 ; cyclo-propane, 0-47 ; 


formaldehyde, 0-48; = methyl propane, 0-62 
methyl propene, O-81;  1-butene, 0-83; butane, 
1-0; trans-2-butene, 1-12; cis-2-butene, 1-23 


dimethyl ether, 128. Large concentrations — of 
carbon dioxide gave a negative peak at 0-02, 

In a typical experiment with Kdward VIT apples 
stored on a half-ton seale in steel cabinets’, air from 
the store was drawn into a 200-ml. gas sampling 
tube and expelled slowly with mereury through a 
U-tube immersed in liquid oxygen. 

In ‘Table 1 are shown the calculated rates of pro 
duction of the more volatile compounds obtained from 
Kdward VIET apples in’ three environments and 
identified by their behaviour on a liquid) paraffin 
column. In cach case the ethylene figure was obtained 
separately from an analysis of a 0-5-ml. gas sample 
experiments with a single apple were dono in order 
to apply more stringent conditions than were possible 
with The apparatuer 
used was all glass, without grease, and the air supply 
was admitted to the apple after passing through a 
U-tube containing activated carbon and immersed 
in liquid oxygen. From the apple the air was passed 
directly into the cooled trap. 


our normal storage methods. 


Table 1 


10 kgm. apples; 400 kgm. apples; One apple aer 
was mixture:se. gas mixture: 8- ated for 14 hr. 
0-5 percent care O percent carbon at 1 L/hr. at 

bon dioxideinair dioxide at 3° ©. 20°C, (mygem./ 


at 3°C (miyagm./kym.,/ kyin./hr.) 
(nya. / kgm. / hr.) 

hr.) 
Acetylene i Od 20 
Ethylene 7,000 4,000 27,000 
Ethane Ob 
Propylene Od OD 0 
Propane 4 3 7 


Four different columns containing liquid paraffin, 
di-nonyl phthalate, tritolyl phosphate and 66’-oxy- 
dipropionitrile as stationary phases were used. — In 
passing through this series, there is a progressive 
acceleration of saturated in relation to unsaturated 
hydrocarbons. However, the presence of OXCESSIVE 
quantities of ethylene in the analytical mixture and 
the fact that in columns of similar length the com- 
ponents of the mixture move progressively faster 
through columns packed with the later phases of the 
series, made it difficult to obtain confirmatory evidence 
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m runs with stationary phases other than liquid 
pocaffin. Peaks corresponding to methyl, propane and 
buiane were detected on all four columns, while 
propane was detected on all except the oxy- 
di; ropionitrile column. 

\pples are not unique among plant organs in 
producing a variety of hydrocarbons. Dormant 
po atoes have recently been shown to yield a similar 
range of compounds (Burton, W. G., and Meigh, D. F., 
unoublished results). Whether the minute quantities 
of substances that are produced have any significant 


rol: in apple metabolism remains to be found. 
D. F. Meta 
Ditton Laboratory, 
Food Investigation Organization, 
Department of Scientific and Industrial Research, 
Maidstone, Kent. 
'M Willlam, T. G., and Dewar, R. A., Nature, 181, 760 (1958) 
* Lovelock, J. K., J. Chromatogr., 1, 35 (1958) 
*Meigh, D. F., J. Set. Food Agric., 7, 396 (1956), 


Maintenance of Semipermeability of 
Plant Cell Membranes in the Absence 
of Metabolic Energy Supply 


Iris generally believed that the semipermeability of 
cell membranes is closely associated with the living 
functions of the cell, According to Harvey! “*. .. Selec- 
tive permeability the surest 
distinguish the living from the dead, holding where all 
others fail. Tt can truly be said of living cells that by 
their membrane ye shall know them.” 


becomes test to 


In the results to be presented below we would like to 
show: 

(1) That under certain special conditions cells can 
maintain their semipermeable properties while their 
energy -supply is drastically cut’ down, or even when 
all the energy-supplying abolished 
and the cells can be regarded as non-living; 


Processes are 

(2) That these special conditions are to some extent 
connected with electrostatic phenomena. 

Tho experiments were carried out with thin slices of 
red beet root (Beta vulgaris) 200-400 thick, corres 
ponding to 1-3 layers of cells. The slices were washed 
in aerated tap water for at least 24 hours. The degree 
of semipermeability of the membrane was estimated 
hy following the appearance of red) pigment ino the 
external solution. Most of the results reported here, as 
Will be seen, were all-or-none effeets. In order that 
the external solution in the case of control samples 
hould be completely colourless only freshly dug 
beetroots were employed, 

When the slices were placed in O-OL AZ sodium 
fluoride solution under a nitrogen atmosphere, the red 
pigment started to leak out after 7 9 hours, and 
alter 24 hours there was no pigment left in the tissue. 
Slices thus treated for 24 hours did not evolve detect- 
able amounts of earbon dioxide when placed in 
Warburg respiromoters at 30° C., and thus according 
fo the present state of our knowledge were without 
chery supply. Now, if magnesium nitrate or sulphate 
In concentration of OL AZ was present in the medium 
tovether with the sodium fluoride from the start of the 
experimental period, no leakage was observed even 
alter 7 days. No evolution of carbon dioxide could be 
detected under these conditions. (lxaetly similar 
results were obtained if, in addition to sodium fluoride, 
the medium contained 10-2 AM sodium eyanide and 
10:4 M 2,4-dinitrophenol.) If the slices were at 
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this stage transferred to higher concentrations of the 
salts, for example, 0°4 M, plasmolysis could be 
observed under the microscope. A return to the 
turgid state was brought about by replacing the 
0:4 M solution with O-l M_ solution. The 
permeability of the membranes of ‘non-living’ cells 
had thus been maintained in the the 
magnesium salts. If these slices were transferred to 
distilled water instantancous leakage occurred. 


Sem 


presence of 


Further experiments investigated whether leakage 
could: be prevented by the presence of other salts. 
Sodium chloride, sulphate and iodide were found to be 
efficient at concentrations of about 0:6 O'8 AZ. Since 
some divalent cations are precipitated by sodium 
fluoride, this substance had to be omitted in subse- 
quent experiments. — Prolonged 
however, caused considerable leakage and this could 
be entirely prevented by the addition of many salts, 
for example, calcium, lead and cobalt 
manganese sulphate, ete., all in concentrations 


of OL M. 


2,4-dinitrophenol, the best uncoupler of 
phosphorylation, also induces leakage of red pigment. 
When the inhibitor was applied in concentration of 
5 « 10°04 M at pH 5°5 and at 30° C., leakage started 
after 4 It could be entirely prevented by 
including OL 0-2 sodium: or potassium: chlorides, or 


anmerobiosis alone, 


nitrates or 


known 


6 hours. 


0-05 M magnesium or cobalt: nitrates, in the original 
which had treated with 2,4 
dinitrophenol for 12016 hours, in the absence of salts, 
were rinsed and transferred to distilled water, leakage 
continued at about the same rate for several hours. 
But if they were transferred instead to the salt. solu- 
tions indicated above the leakage ceased at once. 


media. Tf slices been 


It is reasonable to conelude that changes in semi- 
permeability are due to some reversible changes in the 
physical state of some macromolecular structure in the 
When energy is supplied by metabolism 
the non-leaky state is maintained. But this 
achieved by high concentrations of salts. A relevant 
property of these concentrated salt solutions may be 
That tiaplies that we are 
dealing with cleetrostatic phenomena. Another indica- 
tiom that this is the case is the effect of pH on the 
system. When slices were placed for 48 hours in a 
graded series of 0-020 47 phosphate buffers, in the 
OolL AT 
nitrogen atmosphere, all the red pigment leaked from 
the tissues at all pHs from 2°5 to 5:0. Leakage was less 
complete at pis 60 and 7:0. At pits 8:0, 9:0 and 
10°0 no leakage occurred. The maintenance of semi 
permeability at high pH, contrasting with the heavy 
leakage at low pH, may be interpreted as showing 
that when the structure is negatively charged the 
membrane is) non-leaky, positively 
charged it leaks. Tt is premature to envisage a model 
for the mechanism by which the living cell controls the 
physical state of the membrane, but there are grounds 
for assuming that this is achieved by means of the 
direct action of adenosine triphosphate on some mem 
brane Component, 


mombrane, 


is, also 


the sereening of charges. 


presence of sodium fluoride and under a 


whereas) when 


These experiments, and their interpretation, will be 
discussed more fully elsewhere. 
B. CUInzBURG 
Department of Botany, 
The Hebrow University, 
Jerusalem, 


N., in foreword to “The Permeability of Natural Membranes’ 
Davison and J.B. Danielli (Cambridge University Press, 1052) 


‘Harvey, BE 
by Il 
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VIROLOGY 


Reactivation of Vaccinia Virus Inactivated 
by Mercury pet 
I'r is generally recognized that the percentage kill 
of bacteria by mereuric chloride may be over- 
estimated if residual mercury is not neutralized by 
the addition of ~SH) groups. When this is done 
bacteria are able to multiply after treatment with 
concentrations of mercury regarded as 
bactericidal.! 1 have recently similar 
phenomenon with vaccinia virus. 
Preparations of vaccinia virus exposed at 37° C. to 
1/10,000 
sw chick 


previously 
noted a 


chloride in) concentrations of 
lost all detectable infectivity for 


Mercurie 
1/40,000 
embryo in 60 min., as estimated by poek counts on 
the VYhe lower 
trations of mereuric chloride were effective only 
highly purified = virus The 
results of 2 typical experiments with different con- 
and 2) 


chorioallantoie mombrane. concen - 


ayAinst SUSPeNnsions. 


centrations of mereurne chloride (‘Tables | 
Table 1. 


Infectious 
units/ml, 
s~ 107 


Sample and Treatment 


1, Virus | 0-05 M eysteine: (control) 37 60" 
, Virus | 104 mercuric chloride ( UyV) 87°. 60" 0 
8. Ng 12-5 motes eysteine/mole mercury 37 80° 1G. 102 
4 : oOo Je a ow ok o-3 10 
” . ah .- - = . om . HR © 102 
6 50 . R - = a : 3-102 
, . os °° ss *» - oh 102 
Table 2 
Sample and ‘Treatment Infectious units/ml 
I. Virus | bufler ST? KOO! 64K 1 
: ‘ eysteine a . iT 10 
10-4-6 merenuriec chloride ( WigV) 
37 Ho’ 0 
4. We) 125 moles eysteine/mole mercury 
30° e106 
» Dg 12-5 moles eysteine/mole mereury 
1 5-3 104 


show not only that vaccinia virus inactivated by 
mercuric chloride is reactivated by treatment with a 
SH donor, but also that the degree of reactivation 
roughly the 
tration of SH available. This, in turn, is to some 
extent dependent on the inactivating concentration of 
mereurie chloride used, Similar results were obtained 


with sodium thioglycollate as SH 


achieved is proportional to concen 


Washing 
treated virus by centrifugation and resuspension to 


ke mor, 


mereuric Chloride made no difference to 
nevative tests for infectivity, nor to the reactivation 
of infectivity. For convenience, therefore, washing 
before treatment with 

Thiomersalate depresses the yield of vaccinia virus 


POmmOVe 


SE donors was omitted. 


in tissue culture, and inactivates the virus slowly at 
ae 4; Under 
conditions like those in the experiments with mereuric 
chloride, 1 
vaccinia 


In coneentrations of about 1/20,000.2 


was unable to reverse the inactivation of 
virus induced by thiomersalate or by 
phenylmercuric borate. 

These two substances presumably inactivate by a 
mechanism different from that of mereurie chloride. 

The relative case with which infectivity is restored 


suggests thet the SH groups attacked by the 
mereury are superficially placed in the virus, and 


may well be groups involved in the mechanism of 
attachment of virus to host cell, 
COLIN KAPLAN 
Lister Institute of Preventive Medicine, 
Klstree. June 18. 


1 Fildes, P., Brit, J. Bap. Path., 


21, 67 (1940) 


775 (1058) 
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Thiol Groups and Morphogensis 


We have recently shown!.* that @-mercaptoethans| 
(a strongly reducing SH-containing substance) 
markodly inhibits morphogonotic movemonts (gastru 
lation, closure of noural plate) in amphibian eggs. 
The oxidized counterpart of  %-mercaptoothano! 
(dithiodiglycol) produces a thickening of the neural 
tho same type of abnormalitios can be obtained 
thiol reagents, iodoacetamide and chloro 


plato ; 
with othor 
picrino for oxamplo®, 
B-arnoreaptoothanol is the complete inhibition of cap 
formation in anucloato fragmonts of the alga A cetabu 
laria, without appreciable offeet on the growth in 
longth of the stalks’. It is a surprising facet thai 
B-morcaptoothanol oxerts strongly inhibitory effect 
on morphogenesis in biological systems so different 
as amphibian ogys and Acefabularia ; the purpose 
of this communication is to summarize the result 
obtained in furthor experiments made on Acetabularia, 
amphibian eggs and regenerating animals (axolot! 
tadpolos, planarians). 
Acetabularia mediterranea, 
of 6-moreaptoothanol (47/800) on cap formation in 
anucleate halves has beon confirmed in many experi 
ments. The action of dithiodiglyeol (47/1,000) wa 
tried on the seme system: it found that this 
SS-containping substance, in all experiments, defin 


The inhibitory offoct 


Wits 


itely stimulatos cap formation in anucloate fragments 
Cap (that is, morphogenesis) is this 
strongly dependent onthe SH SS equilibriun 
fragments of Acetabularia. 

of Prof, ID. Mazia, we wore 


formation 


in anucleato 

Thanks to the kindness 
able to study the action of a derivative of 8-mereapto 
othanol on Acetabularia : this derivative is mereapto 
ethanol ethylgluconamide, Tt has retained — the 

SH group and the reducing proportios of B-mer 
captocthanol, but its chemical strueture makes i 
unlikely that it can ponetrate inside the cells. Mhi 
at the AZ/300 coneontration, didk not pre 
vent eap formation as effectively as G-mereapto 
ethanol: a muamber of wore but all 
became extromely abnormal later, These observation: 


stibstasmee, 


caps formed, 


suggost that reduction of the SS groups present o1 
the cell rosults in 
morphogenesis. 

Amphibian The effects of 
othanol ethylgluconamide — (AL/100) were 
on late gastrula: or late neuruke of the axolotl = In 
contrast (oO mercaptoethanol, this substance does not 


membrane ultimately abnormal 


embryos. Mercaplo 
studicd 


Inhibit noural plate formation, and dovelopmont ts at 
first normal. blowever, after 5 7 days, 
the ombryos differ in general shape from the controls : 
the most conspicuous abnormality to be 
dilatation of the lumen of the nervous 
In the forebrain, the oyes retain the palisade 
the Jonses are com, 


apparomtly 


In soctions, 
seOn is a 
svstem. 
appearance of the neural plate ; 
pletely absent, perhaps as a result of a loss of com 
potence of the treated with 
mercaptoethanol othylgluconamide, 

Regeneration of the tail of tadpoles. As shown in 
Kig. la and b, @-mereaptocthanol (A7/300) completely 
inhibits regeneration of the tail in axolotl tadpoles ; 
in many experiments, dithiodighyeol (47/300) had, 


ectoderm when it) is 


on the contrary, a stimulatory effeet on tail 
regonoration, and it was observed, in 
sections, that) the cells forming the regeneration 
blastema had a higher ribonucleic acid content 


Another interesting action of 





] 
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a b 
iv, 1. @, Regeneration blastema in control axoltol tadpole ; 
absence of regeneration blastema in axolotl tadpole treated 
With /-mereaptoethanol CAL/S00) 





b 
a, Control regeneration blastema (Planaria): 0, absenee 
of regeneration blastema atter treatment with J-mereaptoethanol 
(Planaria) 


ig. 2. 


han in the controls. 
that mereaptocthanol inhibits and that dithiodiglycol 
timulates ribonucloic acid synthesis. 
Regeneration of the head in planarians. 
of planarians also, 6-mereaptoethanol (47/300) com- 
blastoma 


Cytochomical studios suggost 


In the case 


jotely inhibits regonoration and oven 
formation (Fig, 2a and 6b), Again, dithiodiglycol has, 
f anything, a stimulatory effect on regonoration, 


In conclusion, our exporients suggost that merease 
n the 
smercaptoothanol 
nents in rogenorating organisms as well as in develop 


inhibits morphogenetic move 


dithiodighycol, on the Contrary, has 
. ‘The 
ction of moreaptoothanol ethylyliconamide, an 

SHl-containing substance 
iof ponetrate into the cells, leads to developmental 
tbnormalities. akon together, these 
hat a biochomical systom (the nature of which has 
till to be studied) involving SH and = = SS 
lays a key rolo in morphogenetic proc 
J. Bracuen 


ny embryos ; 
sually a stimulatory effect on morphogenesis. 
does 


which presumably 


facts supyost 
LEVOUp IS 


BSCS, 


Laboratoire de Morphologio Animate, 
Univorsité libro do Bruxellos. 
July 14. 
Brachet, J., Nature, 188, 1736 (1958). 
Brachet, J.,and Delange-Cornil, M., Developmental Biol. , 1, 79 (1959). 


Brachet, J., “Kmbryologie chimique’ (Desoer, Liege, 1044). 
‘Krachet, J., Kap. Cell Res., Supp. 6, 78 (1958), 
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Shell and Siphon Regeneration in Mactra 
stultorum Linne (Lamellibranchiata) 


‘Tue study of quantitative collections of dead shells 
belonging to the lamellibranch Mactra stultorum 
Linnd, for the year classes of 1952-1957 on the Dogger 
Bank, is yielding valuable information on the 
mortalities exerted by several classes of predators. 
The chief ones which are recognizable from the dead 
shells are the drilling poliana 
Forbes and the asteroids Asterias rubens Linn’ and 
A stropecten irregularis (Pennant). 


prosobranch Natica 
The prosobranch 
drills a hole through the shell and presumably feeds 
through this hole ; the actual method of its feeding 
has not been described although its method of drilling 
has received considerable attention. Turner! lists a 
full bibliography on the drilling mechanism. Very 
oceasionally, live Mactra are caught, and more 
rarely, their dead bearing an incompletely 
pierced bore-hole, [tis presumed that the Natica was 


shells, 


interrupted in its meal through itself being attacked 
by a larger predator. leven interesting are 
some very rare instances of Mactra having sealed over 
the incomplete bore-holes on the 
outgrowth of the nacreous layer, 


more 


with an 
have noticed 


inside, 
Wo 
such seals in both living and dead (at 
collection) bivalves, 


the time of 
in individuals ranging from 4 to 
3lim. Fig. | shows a typical sealed bore-hole, ‘Tho 
area covered by the seal is very much larger than the 
bore-hole itself; this may be explained by the faet 
that, as has been observed, sand enters through the 
bore-hole and the mantle 
membrane. Wasteful killing of very young Mactra 
by very youns Natica seems to be indicated by shells 
which bear up to five bore-holes and still contain flesh. 


irritates a Jarge area of 


Oysters are able to seal off the perforations made by 
Urosalpinx cinerea Say. Dr. D. A. Hancock has kindly 
directed my attention to his observations®. He thinks 
the falling temperatures might have caused the oyster 
drills to abandon the attack. Oysters perforated with 
a hand drill completely sealed off the holes in 9-14 
days at 7-1L°C. when kept in tanks. 

Shell regeneration does not exhaust the Maetra’s 
response to a reprieve, for it may outgrow a size at 
Which fishes (plaice, dab) are capable of cating the 
whole bivalve. This sizo, of course, depends on the 
sizo of the attacking fish, and the field data have 
provided a tentative relationship for the sizes of the 
Mactra which plaice of a given size can 
When feeding in a field of Mactra which 
the 


largest 
consume, 


are above “eseapo-sizo”’, the fish take only the 





A valve of a Maetra pierced, but not killed, by a Natica. 
was afterwards sealed off by the secretion of 
nacreous material (Seale 5 mm.) 


Kig. 1. 
The bore-hole 
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bivalves’ siphons. That this injury is not always 
mortal for the Mactra is shown by the large number of 
regenerating stages among Mactra above 20 mm. 
long—up to 10 per cent of some samples. A first 
experimental attempt at inducing the regeneration of 
siphons, and so to build up a time-scale for the 
various stages of regeneration, failed through lack of 
sufficient live Macira to carry the experiment through. 
In eleven days no growth had taken place, but the 
cut edges had healed perfectly. 

L. BirKETT 

R. J. Woop 
Fisheries Laboratory, 

Lowestoft. 


1Turner, H. J., Eeol., 34 (1), 222 (1953). 
* Hancock, D. A., Fish. Invest., Series If, xxii (10) (1959). 


Light Regulation of Coat-Shedding in a 
Tropical Breed of Hair Sheep 


BREEDING activity in sheep in temperate climates is 
predominantly controlled by the photoperiod. The 
mechanism governing sexual activity in tropical sheep 
has not yet been elucidated. During current studies of 
this problem Persian Blackhead ewes were exposed 
to an experimental light regime similar to that used 
to induce cstrus in Suffolk ewes at Cambridge, 
England, namely, 14 hours dark, 4 hours light, 2 hours 
dark and 4 hours light!. Results regarding sexual 
activity were inconclusive but the coats of the treated 
ewes grew long, dense and shaggy. The cuuts of 
control ewes were sleek and short. Managerial condi- 
tions other than the light treatment were identical 
for the two groups of ewes. 

In further studies, Persian Blackhead rams were 
maintained in pens roofed with ‘Windowlite’, a trans- 
lucent plastic which reduced the light entering the 
pens. After four months in the pens coat-growth was 
markedly affected and the coat was long, tousled and 
dense. Persian Blackhead rams maintained 
under natural lighting during this period had short, 
sleek coats. The comparative coats of rams 
maintained in the pens for eight months and rams 
allowed free-range during the daytime over the same 
period of the year, are shown in Fig. 1. 

Wool growth in sheep and normal cyclic coat shed- 
ding of Bos taurus cattle in the tropics are subject to 
photoperiod control?.3. Yeates has shown that an 
experimentally imposed photoperiod similar to that of 
equatorial regions eliminates the natural coat cycle 
of European cattle and tends to keep them in a 
thick heat-retaining coat*. Although cyclic coat shed- 
ding in Bos taurus cattle in the tropics is also hampered 
by low nutrient intake the penned rams received 
sufficient food to gain 4-1 lb. per week in live-weight. 





(a) (b) 
(a) Persian Blackhead ram maintained on na tural lightimg ; 
(6) kept in a pen with reduced lighting 


Fig. 1. 
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These independent observations suggest that the 
growth of, or failure to shed the hair, was due to a 
qualitative or quantitative interference with tlhe 
normal photoperiod at this latitude (17° 50’ S.). 

Although it has been suggested that the annual 
fluctuation in the tropical photoperiod may be too 
small to effect control of reproductive activity in 
sheep® it is of note that a physiological mechanis:a 
sensitive to light changes exists in a breed of sheep 
indigenous to the tropics. 


R. B. SYMINGTON 


Department of Agriculture, 
University College of Rhodesia 
and Nyasaland, 
Salisbury, Southern Rhodesia. 


' Hart, D.s., J. Agric. Sci., 40, 143 (1950). 

? Daly, R. A., and Carter, H. G., Aust. J. Agric. Res., 6, 476 (1955). 

5 Yeates, N. T. M., Aust. J. Agric. Res., 6, 891 (1955). 

* Yeates, N. T. M., Aust. J. Agric. Res., 8, 733 (1957). 

’ Yeates, N. 'T. M., J. Agric. Sci., 50, 110 (1953). 

* Yeates, N.'T. M., “Physiology of Farm Animals” (London, Butterworth, 
Hammond, ed. 1954). 


A Possible Role of Indoleacetic Acid Oxidase 
in Crown Gall Tumour Induction 


THE necessity of auxin for the transformation of 
incipient tumour cells to fully altered tumour cells has 
been demonstrated by Braun and Laskaris! and by 
Klein and Link®. Both groups demonstrated that 
decapitated plants inoculated with an avirulent strain 
of Agrobacterium tumefaciens would develop crown 
gall tumours if their cut surfaces were smeared with a 
lanolin paste containing a plant growth hormone 
(indole-3-acetic acid), but not if these cut surfaces 
were smeared with lanolin alone. The action of indole- 
3-acetic acid was demonstrated to be on the tissues 
and not on the bacteria, as the latter did not become 
virulent as a result of exposure to indole-3-acetic acid. 

The bacteria themselves have generally been 
assumed to be the source of the extra auxin required 
for the transformation of incipient to fully-altered 
tumour cells. However, attempts to find correlations 
between auxin production by the bacteria and their 
virulence have yielded inconclusive results?. This 
communication will present evidence that the extra 
indole-3-acetic acid needed for transformation may 
not be bacterial in origin but may in fact be due to a 
decreased destruction of auxin in the tissues infected 
with virulent bacteria. 

Sunflower plants were selected for uniform height 
(70 cm.), stem width and general appearance. An 
apical section was cut just below the internode that 
had last fully expanded; this internode was usually 
between 15-18 cm. long. The leaves and apical inter- 
node were then removed, and the section was washed 
in undiluted ‘Clorox’ (a commerical preparation of 
sodium hypochlorite) to which a small amount of 
detergent had been added. The washed sections were 
then dipped into absolute alcohol, flamed, and allowed 
to cool in asterile Petri dish. The now-sterile internode 
was cut horizontally into five sections, each about 
2°5 em. long. Each section was then split longitudi- 
nally into two sub-sections, and each sub-section 
implanted basal end up in a tube of White’s medium 
without added auxin. These cultures were grown in a 
25° C. controlled-temperature room for two days, after 
which the contaminated sections, if any, were dis- 
carded. Inoculations were made on the second day 
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ier placing in culture, by smearing the cut surfaces 
wth a 48 hr. culture of A. tumefaciens. One set of 
su)-seetions was inoculated with a virulent strain, the 
other set of sub-cultures with an avirulent strain. 
O.. the day of inoculation and on five successive days 
the sub-sections of an entire internode were separately 


==) 


cit into slices and assayed for indole-3-acetic acid 
o> idase. 

indole-3-acetie acid oxidase determinations were 
rua by the method of Lipetz and Galston4. 450-500 


mcm. of slices were placed in 10 ¢.c. of a reaction 
xture containing 10-4 M indole-3-acetic acid, Mn++ 
| 2,4-dichlorophenol buffered at pH 6:1. At time 
o, and at selected intervals afterwards aliquots were 
noved from the reaction mixture and assayed for 
idual indole-3-acetic acid with Salkowski reagent, 
in a Klett colorimeter equipped with a 540 my filter. 
ett readings were converted to pgm. of indole-3- 
.etie acid with the aid of a standard curve prepared 
th indole-3-acetic acid solutions of known concentra- 
tions. 

In the series inoculated with the virulent ITBV7 
strain and ILTBNV6 avirulent strain a_ significant 
depression in the comparative levels of indole-3-acetic 
acid oxidase was observed on the second day after 
inoculation with the virulent bacteria. These results 
are presented in Table 1. Similar experiment per- 


= =N © 4 


<5 = 
= a 


lable 1. DIFFERENCE IN GM. OF INDOLE-3-ACETIC ACID OXIDIZED 
PeR GRAM ‘TISSUE IN 4 HOURS BY PARELLEL TISSUE CULTURES INOCU- 
LATED WITH VIRULENT AND AVIRULENT STRAINS OF A. tumefaciens 





Day after Virulent —Avirulent Significance (t test)* 


Inoculation 


0 10 4 2:2 ns. 

1 + O-6 46 ns, 

2 20 67 2 per cent 

3 8-6 74 N.S. 

4 1-9 + 55 ns. 

5 — 25 + 60 n.s. 
n.s. not significant at the 5 per cent level. 


‘ 
formed using the virulent A 6 and the avirulent A 66 
strains were more erratic, and therefore inconclusive. 

The extra indole-3-acetic acid necessary for com- 
plete tumour induction may thus be a product not of 
the bacteria, but of the infected tissues whose indole-3- 
acetic-acid-destroying system has been inhibited. 
The drops of indole-3-acetic acid oxidase levels in 
tissues inoculated with virulent strains might thus be 
one factor involved in the transformation of incipient 
‘umour cells to fully altered tumour cells ‘and the 
wirulence of some strains of A. tumefaciens may be 
due to their inability to initiate this inhibition of 
indole-3-acetic acid oxidase. 

I am indebted to Dr. A. W. Galston for advice and 
encouragement, and to Drs. A. C. Braun and T. Stonier 
ior cultures of A. tumefaciens. This investigation was 
supported by pre-doctoral fellowship CF’ 7607-C of 
the National Cancer Institute, Public Health Service. 
it constitutes a portion of a doctoral thesis presented 
io the Graduate Faculty of Yale University. 


JACQUES LIPETZ 


Botany Department, 
Josiah Willard Gibbs Research Laboratory, 
Yale University, 
New Haven, Connecticut. 
Braun, A. C., and Laskaris, 'T., Proc. U.S. Nat. Acad. Sci.,28, 468 (1942). 
Klein, R. M., and Link, G. K. K., Proc. U.S. Nat. Acad. Sci., 38, 1066 
(1952). 
* Locke, 8. B., Riker, A. J., and Duggar, B. M., J. Agric. Res., 59, 519 
1939 


Lipetz, J., and Galston, A. W., Amer. J. Bot., 46, 193 (1959). 
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ENTOMOLOGY 


Chemical Changes Associated with Diapause 
in the European Corn Borer, Ostrinia nubilalis 
(Hbn.) (Lepidoptera: Pyralidae) 

INpDuctTIon of diapause, at 65° F., in the European 
corn borer, Ostrinia nubilalis (Hbn.), requires that 
last-instar larvie be exposed to photoperiods of 9-5 
to 14 hr. of light a day for about 3 weeks ; initiation 
of diapause is then marked by cessation of feeding, a 
sharp reduction in oxygen consumption, and failure 
to pupate when placed in an environment favouring 
completion of development!.*.. Our interest in the 
physiology of diapause prompted a search for other 
changes associated with its induction. This com- 
munication reports differences in the amino-acid 
composition of diapause and non-diapause borers. 

Larvie were reared as described earlier?.  Larvze 
that did not undergo diapause were obtained by 
withdrawing them from the stock culture 3 or 4 days 
after the moult to the last instar ; they were deprived 
of food for 3-6 hr. before analysis. Larvee in diapause 
were obtained by manipulating photoperiod and 
temperature ; they were tested after they had been 
stored in diapause for two months at 38° F. Ninhy- 
drin-positive substances were separated by two- 
dimensional partition chromatography. The squash 
technique described by Fox* and Robertson*' was 
used. A single head provided sufficient material for 
good resolution in the developed chromatogram. 
The head was cut from the larva and immediately 
crushed in the lower left corner, 1 in. from the edges, 
of Whatman No. 1 chromatography paper, 12-5 or 
16 in. square. _The crushed head was removed and the 
spot dried at room temperature. The paper was 
developed 12 in. in the first direction with n-butanol, 
acetic acid, and water, in the proportions 4:1: 1, 
and 12 in. in the second direction with 80 per cent 
aqueous phenol. The colours were developed with 
0-1 per cent ninhydrin in isopropanol. In some cases, 
proline was located by spraying with 0-2 per cent 
isatin®. Compounds were identified by comparing 
chromatograms with those of known amino-acids 
and, in some instances, by co-chromatography with 
individual amino-acids. 

Fig. 1, A and B, shows tracings of representative 
chromatograms, run simultaneously. The substances 
named in Fig. 1 were found in head squashes of both 
diapause and non-diapause borers. Separation of 
valine, methionine, and tryptophan was poor but 
generally adequate to establish their identities. 
Arginine, not shown in Fig. 1, was present in both 
groups as a diffuse spot in the area bounded by 
spots 5, 7, 8 and 9. Not detected were ornithine, 
B-alanine, taurine, hydroxyproline, and_ sarcosine. 
Larve not in diapause differed from those in diapause 
in having at least one unidentified, slow-running spot 
not present in the latter. This is spot X of Fig. 1B. 
In some chromatograms, partial division of spot X 
and differences in colour between its parts suggested 
that two compounds might be present. The chroma- 
tographic difference persisted even after ethanol 
extracts of larve had been washed with chloroform, 
evaporated, and boiled under reflux with 6N 
hydrochloric acid for 20 hr. The unknown, therefore, 
is probably not a peptide. A second difference 
between diapause and non-diapause larve was the 
much higher concentration of proline in the former. 
Analyses were carried out to determine whether the 
differences arise during or after induction of 
diapause. Spot X was found in 41 out of 43 chromato- 
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Fig. 1. Tracing of chromatograms run simultaneously, showing 
ninhydrin-positive substances in head squashes of (A) corn 
borer larvex in diapause, and (B) larve not in diapause. Develop- 
ment in first direction with n-butanol, acetic acid ard water 
(4: 1:1) andin second direction with 80 per cent aqueous phenol. 
Spots: 1, aspartic acid ; 2, glutamic acid ; 3,lysine ; 4, cysteine?; 
5, serine; 6, glycine; 7, threonine; 8, histidine; 9, glutamine ; 
10, alanine; 11, tyrosine; 12, proline; 13, valine, methionine, 
and tryptophan ; 14, leucines and phenylalanine ; Y, unknown 


grams prepared from larve ranging in age from 2 to 
32 days in the final instar, a period encompassing that 
required to induce diapause at 65° F. This substance 
must, therefore, disappear from the larve after the 
initiation of diapause, but not during its induction. 
Proline was difficult or impossible to detect with 
ninhydrin until the tenth day of the instar. The size 
and depth of colour of the proline spot then increased 
with the age of the larva. When isatin was used to 
spray the chromatograms, proline was readily detected 
even in Jarve in the first day of the final instar. 
Chen® observed increases in proline concentration 
with age in larve of Culex pipiens L., and attributed 
it to the requirements for large quantities of proline 
in the proteins of larval tissues. 

Although the observed chromatographic changes 
do not appear to be related directly to induction of 
diapause, pertinent differences might be revealed by 
a quantitative study. 


J. A. MuTCHMOR 
J. H. MAzvurREK 


Entomology Laboratory, 
Canada Department of Agriculture, 
Chatham, Ontario. 


Nature, 181, 204 (1958). 


1Mutchmor, J. A., and Beckel, W. E., 
. J. Zool. (in the press). 


* Mutchmor, J. A., and Beckel, W. E., Canad 

3 Fox, A. §&., —-, 123, 143 (1956). 

* Robertson, J. Canad. J. Zool., 35, 411 (1957). 

* Block, R. J., Py Strange, R., and Zweig, G., ““Paper Chromato- 
graphy: a Laboratory Manual” (Academic Press, Inc., New 
York, 1952). 

*Chen, P. S., J. Insect Physiol., 2, 38 (1958). 
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New Cell Types in the Salivary Glands of the 
Brown Ear Tick, Rhipicephalus appendiculatus 
Neumann 


In previous literature on the salivary glands of 
ticks, two types of alveoli have been recognized, 
namely, the multicellular, granule-secreting and the 
unicellular, non-granular alveoli. (1) 2 3) In the 
multicellular alveoli, two cell types have been dis- 


tinguished, the ‘Miindungszellen’ with coarse sec- 
retory granules and the ‘Funduszellen’ with fine 


secretory granules. (4) 

An examination of the salivary glands of 2. 
appendiculatus, fixed in formol-sublimate and stained 
with Mallory’s triple stain, has shown that the 
alveolar and cell types can be further sub-divided, 
and that there are certain striking differences between 
the glands of males and females. 

The non-granular alveoli (referred to here as type [) 
are the same in both sexes. The granule-secreting 
alveoli can be divided into two types (II and ITI) in 
the female and three (II, III and IV) in the male, on 
the basis of their cellular structure and of their 
position in the gland. In both sexes the type II 
alveoli are confined to the anterior two-thirds of the 
gland and open into the main duct or its larger 


branches. In the female these alveoli contain two 
cell types: (a) containing coarse, deep-red staining 
granules, and (b) with reticular cytoplasm and 


varying number of coarse, blue staining granules, 
whereas the male has an additional type (f), the 
granules of which stain a bright yellow (Fig. 18). 
The (f) cells are difficult to distinguish in unfed 
ticks, but are very prominent in males which have 
had a blood meal. 

The type III alveoli (Fig. 14) are most abundant 
in the posterior part of the gland and on the outer- 
most branches of the Anterior part. In both sexes 
they contain three cell types (c), with coarse orange- 
red staining granules (d), with large (5u) orange 
staining globules, and (e), either without secretory 
granules or else with blue staining granules of variable 
size, depending on the stage of the life cycle. In 
feeding females, and also in the nymphs and larva, 
the type (e) cells become very large, whereas in the 
feeding males they remain very inconspicuous. The 
type III alveoli in feeding females resemble those 
figured by Nordenskidld. The type (e) cells are 





Fig. 1. Salivary glands of male 2” ene appendiculatus. 
A, unfed male; B, feeding male (x c. 500) 
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eclieved to be the same as his ‘Funduszellen’, types 
() and (d) being the ‘Miindungszellen’. 

The type IV alveoli (Fig. 1A and B) are found in 
adult males only, scattered amongst type III. They 
ave composed of a number of similar cells, type (9), 
which become filled with purple-staining granules 
aiter the tick starts to feed. 

A more detailed description of the salivary alveoli 
aud of the changes which they undergo during the 
life-eyele of the tick will be published at a later date. 

[ am indebted to Mr. M. Ulrich of the Photographic 
Lepartment, South African Institute for Medical 
Research, for the photomicrographs. 

W. M. TILi 
Department of Entomology, 
South African Institute of Medical Research, 
Johannesburg. 
June 22. 
sonnet, M. A., C. R. Acad. Sci., 142, 296 (1906). 
ouglas, J. R., Univ. Calif. Pub. Ent., 7, 207 (1943). 


tobinson, L. E. and Davidson, J., Parasitol., 6, 217 (1913). 
4 Nordenskiold, E., Zool. Anz., 28, 478 (1905). 


BACTERIOLOGY 


Bacteriophage Typing Applied to Strains of 
Brucella Organisms 


SuRFACE antigens usually limited to one taxo- 
nomic group are the main factors determining the 
bacteriophage sensitivity of bacterial species!. By 
such sensitivity, species of Salmonella can be dis- 
tinguished? and the degree of sensitivity is used for 
typing strains of S. typhi 3:45 and strains of other 
bacteria®, 

Brucella phages were discovered only after rigorous 
search’? and they have apparently not yet been des- 
cribed in detail. A Brucella phage grown on strain 
19 Brucella abortus in a shake flask culture has now 
heen found to be active on cultures of Br. abortus 
laboratory strains, but not on Br. melitensis and 
Br. suis. This phage was obtained by growing a 
single plaque taken from the end point dilution of 
i phage suspension kindly supplied by Dr. A. W. 
Stableforth from Weybridge, England. 

The phage produces irregular plaques of small 
diameter, the smallest only being recognized as spots 
in the bacterial mat on ‘Albimi’ agar. These spots 
and the edges of the plaques appear to consist of 
extremely rough colonies of the Brucella strain 
ittacked. 

The technique found most practical is as follows: 
\ 72-hr. aerated liquid culture of phage is cleared 
Vv centrifugation at 3,000 r.p.m. for 75 min. and the 
ipernatant heated at 60° C. for 60 min. to destroy 
ny remaining bacteria. The phage suspension is 
tored at 4° C. and serially diluted ten-fold before 
ise. The phage dilutions are spotted on dry ‘Albimi’ 
gar plates by means of a 1 mm. diameter platinum 
sop. After drying the spots are covered with a 
uspension of young cells taken from surface culture 


and made up to a density of approximately Brown’s 


tube 1, in a diluent of distilled water containing 
.1 per cent (w/v) carboxy-methyl-cellulose. The 


.02-ml. dropper pipette is used for depositing the 


suspension over the site of the phage spot. After 
tanding in the dark for 1 hr. the plates are incubated 
it 37° C. in inverted position for 24 hr. or longer and 
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TABLE 1. 
DIFFERENTIAL SUSCEPTIBILITY 


Titration of Brucella Bacteriophage 


Phage M A S A Br. 
dilution 16M 544 1330 $19 Sh. Sem. 
Un- 
diluted - +++4 +++4 ~- 
107! = fe abios, ob: oe ae ae — 
1072 Jee eerie © ae oe a 
1073 ane a 4 ass 
1074 naa 4 - ome 
1075 = ™ : = 
1076 — = — 


confluent. lysis. 
+++, plaques and spots. 
++, spots. 

+, less than 5 spots. 

—, no phage activity. 


dioxide. An example of the results is given in 
Table 1. 

Here it was found that Br. melitensis strain 16M 
and Br. suis strain 1330 which are World Health 
Organization reference strains were completely 
resistant as was also a stock culture of a local Brucella 
variant isolated from sheep semen. 

The aerobic Br. abortus strain 19, and the carbon 
dioxide dependent Br. abortus strain 544 which is a 
World Health Organization reference strain were 
equally susceptible to the phage. 

These results show that phage typing may have 
important taxonomic and possibly also epidemio- 
logical value in the field of Brucellosis research. 

Acknowledgments are due to Dr. R. A. Alexander, 
director of veterinary services, for permission to 
publish this report and to Mr. P. V. Mulders for 
technical assistance. 

G. C. VAN DRIMMELEN 

Faculty of Veterinary Science, 

University of Pretoria 
1 Burnet, F. M., Brit. J. Exp. Path., 8, 121 (1927). 
2 Schmidt, A., Zbl. Bakt., 12, 202, 207 (1931). 
3 Craigie, J., and Branden, K. F., J. Path. Bact., 4, 233 (1936). 
4 Craigie, J. and Yen, C. H., Canad. Pub. Health J., 484 (1938). 
5 Crocker, C. G., J. Hyg. (Camb.), 45, 118 (1947). 
© Coetzee, J. N., S.A. J. Lab. and Clin. Med., 4, 147 (1948). 
? Pickett, J., and Neslon, E. L., J. Hyg. (Camb.), 48, 500 (1950). 


Induction of Phage Formation in the Lysogenic 
Escherichia coli K-12 by Mitomycin C 


Mitomycin C, a newly isolated antibiotic, is 
receiving special attention because of its anti-neo- 
plastic activity as well as its selective inhibitory 
action on the synthesis of bacterial deoxyribonucleic 
acid.! It has also been observed that the impaired 
deoxyribonucleic acid synthesis of cells of Escherichia 
coli B treated with mitomycin C can be promptly 
restored by infection with the bacteriophage 7'2r?. 
These properties suggested that this antibiotic could 
induce the development of active phage from the 
prophage state in lysogenic bacteria, since they are 
similar to ultra-violet effects. This communication 
concerns the lytic process of Escherichia coli K-12 
induced by mitomycin C added externally. 

Cells growing in salts-glucose synthetic medium 
were harvested at the logarithmic phase of growth, 
resuspended in a similar fresh medium in the presence 
of various concentrations of mitomycin C, and in- 
cubated at 37° with vigorous shaking. Samples were 
taken at intervals, and turbidity was measured 
photometrically at 660myu. When exposed to 0-05 
ugm. of mitomycin C per ml., growth proceeded at 
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the same rate as in the control culture during the first 


90 min., though later it stopped (ig. 1). With 0-5 or 


1 pgm. of mitomycin C per ml. of medium, the tur- 
bidity increased normally for about 60 min. and then 
suddenly began to decrease, After shaking for 2 hr., 
the incubation medium became almost clear with only 
some cell debris present. The viable cell count 
2-4. 108 per mil. compared to 4 10% per mil. in the 
control culture. 


Wits 


mitomyem © (5 10 
optical density was observed for only 30 min., after 
which it ceased. Tt was also found that the addition 
of chloramphenicol at the beginning of 
prevented the lysis caused by mitomyein C, 
its addition at 45min. after the start of incubation had 
no effeet on the lytie process in the presence of the 
antibiotic. 


incubation 
whereas 


The appearance of the growth-curve in the presence 
of mitomyem © comeides almost exactly with growth 
after the 
bacteria with appropriate doses of ultra-violet® or 


curves observed induction of lysovente 


chemical agents?°. Therefore an 


undertaken 


mvestipation was 
Whether the lysis of the 
cells is due to the development of active (A) phage. 
The bacterial lysate obtained after a 2-hr. exposure 
to | 
A-sensitive 
found 


in order to see 


yin. mitomyem Cooper ml. was plated on a 
Mscherichia coli C 600. Tt 
10° phage particles were released 
the 
control culture (the yield of phage was about 200 
times greater than that of the spontaneous control). 
Fig. 2 shows a one-step growth-curve of %-phage 
liberated by coli KOA after induction 
with Tyg. of mitomyein Co per im. in this experi 
ment a growing culture of Escherichia coli (O.D.oeo 

0-175) was incubated with vigorous shaking ino the 
for LO min. After 


the incubation was continued, 


bacteria, 
that 3 
into the medium compared to 1-7 10? in 


Wiis 


Mscherichia 


antibiotic dilution 
(1: 10° and I 10") 
and samples were taken at intervals for plating on a 
The — first 
appearcd in the medium at the end of a latent period, 
at which time lysis of the culture began. Another 
experiment indicated that Mscherichia coli Wo TAsd 
(a non-lysogenic strain) was not Ivsed in the presence 


presence of 


A-sensitive bacteria. phage particles 


of any amount of mitomyein OC. Phis observation 
provides additional evidence to support the con 
clusion indicated above. 

These results show that mitomyein © can imduce 


the development of active phage in’ the Lysogenie 
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Fig. 1. Change in turbidity of the culture of Eacherichia coli K-12 


incubated in the presence of various concentrations of mitomycin (C, 
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Pig. 2. duduction of phage production in Kscherichia coli KO V2 by 
mitomycin © 
strain of Mseherichia coli KoV2. This) antibioti 


therefore produces many of the results characteristic 
of ultra-violet 

We 
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Specific Inhibition of Antibody Formation 
During Immunological Paralysis and 
Unresponsiveness 


FaiLuRE of antibody to appear in’ the serum 
following large doses of antigen has been reported 
under varying sets of conditions. In normal adult 
mice, a life-long state of ‘immunological paralysis’ 
ean be induced by the administration of a sufficient 
amount of pneumococcal polysaccharide.’ ‘This 
antigen is known to persist for at least a year, and it 
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per animal. tt One questionable cell 


inhibit 
alternatives may be 


formed, or it may 


antibody.2 These used te 


explain the more temporary ‘immunological unres 


d prolongation of unresponsiveness, ° 


should) detect 
Ils containing antibody in the lymphoid organs of 
However, 


ormed,  immunofluorescent methods 


ih paralyzed or unresponsive mice, 








hibition of a More fundamental nature would be 
plied Gf no positive eells could) be found. 
idence 


indicates in faet that no demonstrable 


antibody formation takes place in mice cither made 
nresponsive to bovine serum: albumin or paralyzed 
ith pneumococcal polysaccharide, 


Experiments with both bovine serum albumin 
nd pneumococcal polysaccharide, type TL were 
ndertaken, with both large and small doses of 
vntigen., Swiss white, non-inbred mice were used, 


intra- 
eritoneally with 500° pym./gin./day of bovine serum 
Dixon and 
laurer? to be large enough to prevent the occurrence 


nimals were injected subcutaneously and 


bumin, a dose shown previously by 


an Cimimnune disappearance rate’ in adult rabbits. 
ndividtual bled) from the tail and 
wyed for anti-bovine serum albumin by Boyden's 
loomagylutination methods, deter 
uned by hiemagglutination tihibition, a serum-lovel 


animals were 


Antigen was 
1 O-) pym./iml. of antigen nitrogen beimg detectable. 
he spleens of the animals were quick-frozen and 
etioned in aw eryostat. 
nimal were examined by immumnofluorescence for 
Mls containing antibody, using the appropriate 
ontrols.? "The number of these cells per seetion was 


Three to ten sections per 


minted and the area of cach section estimated from 
iasurements made with a stage micrometer 

The results, shown in Table 1, were striking. No 
ells containing antibody were found in either adult 
r neonatal mice at intervals following the cessation 
f daily large injections of bovine serum albumin. 
loreover, an additional dose of 2. mgm. of alum 
reeipitated bovine serum albumin to some members 
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Table 


toy either continuously neutralize antibody as it is 
the actual synthesis of 


ponsiveness’ inducible in adult rabbits with massive 


injections Of purified proteins,* However, when the 

ne protein antigens are administered during foetal 
or neonatal life, subsequent antibody formation is 
hibited for longer periods.34 Apparently, the 
noonatal cells possess a different order of sensitivity 
tounhibition. Tt is not clear whether this inhibition is 


dependent upon the continuous presence of antigen; 
mit there is a correlation between increasing dosage 


If antigen constantly neutralizes antibody as it) is 


Our 
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No. of Route of Days of Day ol Animals with = Serum AG Antibodyt 
Group Mice Antigen Injected Inoculation Injection*® Death AB titre at Death cells/mm 
A 12 OS mem./em, day thiid Subcutaneous 1 56 Hy) Os 0 
(neonatal) bovine serum albumin traperitoneal alter 156 au Om 0 
weekly dose of alum nately 156 70 Os 0 
precipitated — bovine and 63" 
serum albumin 
i 7D 7s Oy 0 
h f4 Minna sae bh 7h abe we 0 
(adult) Bh 7h ath) OD i) 
and s2** 
( Io 2 mum, alum-precipitated Subcutaneous 1, OO Os ee 0 Is-3 
bovine serum: albumin 
HOOngin. Type TE pneu Intraperitoneal th 70 Ott 
Dp 6 mococeal polysaccharide 
K 6 1Pogam, Type TE pnea Intraperitoneal a6 70 Ove 
mococeal polysaccharide 
Numbers cited refer to age of animal in day *2 ogi. alum-precipitated bovine serum albumin administered, fF Mean value using 3 lOstides 


of these ZrOUps likewise failed to provoke a detectable 


cellular response. Control animals, given only 
alum-precipitated bovine serum: albumin (group ©), 
responded with antibody Which reflected in 
general the appreciable numbers of cells contami 
antibody 4 (The 


visible in their spleens (‘Pable 2). 
single control mouse failing to respond also had no 


titres 


detectable antibody in seetions of its spleen.) 

The axillary lymph nodes were also examined ina 
few animals. No positive cells were found in group A. 
In group (, the density of antibody-containing cells 
in the lymph node was about threefold greater than 
in the spleen. ‘Phe lack of correlation between serum 
titre and numbers of cells in’ the spleens of some 
animals recorded in ‘Table 2 may have been due to 
the differing contribution made by various organs in 
individual cases, 

This inhibition of the formation of antibody to 
bovine serum albumin was specific, because it did net 
interfere with a concurrent secondary cellular 
response to 20 Lf of diphtheria toxoid, 
animals during the massive 


More recent 


administered 
to a few injection. of 
bovine serum albumin. observations 
suggest that a dose of bovine serum: albumin fifty 
times less, or LO pym. daily, is equally inhibitory to 
specific antibody formation. Oddly enough, although 
diphtheria toxoid is a good antigen im mice, LO) upg. 
daily doses failed to produce unresponsiveness, 

In the experiments with 


saccharides Tl, the doses used were those known to 


pneumococcal poly 


result in immunity or paralysis inomice!; no titrations 
were carried out. No 
detected in’ the 
spleens of mice given the larger dose of polysaccharide 
(group 1), 
the spleens of mice immunized intraperitoneally with 


of pneumococcal antibody 


cells containing antibody could be 


However, positive cells were visible in 


Table 2 CELLS CONTAINING ANTIBODY FOUND EN ENDIVIDUAL 






Mick’ 
Group Co bovine sertm: albumin Group # 
pneumococcal 
polysaccharide I 
No. of Cells teciprocal Serum: Titre No. of Cells 
2 347 $20,000 “ 
1o70 5,120 os 
ROU 10,000 7 
40,000 f 
1.280 ; 
0 1 
O60 
10,000 
10,000 
<10 





* Calculated on the basis of ten sections of spleen 
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antigen and killed fourteen 
It is interesting that the cellular response 
1/100) that of the 


one microgram — of 
days later. 
was only about bovine serum 
albumin controls, 
pneumococcal polysaccharide TL would probably 
have resulted in greater numbers of cells containing 
The lack of trimune reactivity ino “para 
ly zed? mice is 


of Felton! and conflicts with the concept of continuous 


antibody. 
In agreement with the early suggestion 


neutralization suggested by others, including: one of 


us, 

This work was carried out during the tenure of a 
Career Tnvestigatorship of the American Heart 
Association and under the auspices of the Com 


Armed 
Mpidemiological Board, and was supported in part by 
the Office of the Surgeon General, Department of the 
Army, and in part by the United States Publi Health 
Servier (17-2255), 
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HISTOLOGY 


Site of Production of Oestrogen in the Ovary 
of the Rat 


Orinions differ concerning the site of production 
of oestrogen in the ovary. So far only indireet evi 
denee has been obtained, 

Ino an attempt to elucidate this problem, female 
rats were spayed, and small autotransplants of 
ovarniin tissue contaiming only one or two endoerine 
cell systems and vaginal tissue were mserted close 
tovether into the anterior chamber of the eve (Mig. 1). 
The vaginal transplant served in this way as a sensi 
tive indieator of oestrogen produetion, A piece ol 
vaginal tissue transplanted into the other eye served 
as a control After various periods of time, usually 
S TE clay the transplants were excised and studied 
histologically The 


and the uterus were also examined histologically. 


(seri! sections). Vagina de ositee 


Phe following types of transplants were examined: 
from the imterstitial 
imterna cells (from the top of follicles after removal 


cell agvrepates gland, theea 


of the granulosa cells), isolated granulosa cells, small 
of folhele wall containing both theea interna 


lutea, combinations of 


pueees 


and granulosa aggrepates from. corpora 
theea interna or interstitial 
gland cells with granulosa or corpus luteum cells, 
and follicles of various sizes. 

Transplants containing pure cell aggregates of 
interstitial gland, theea interna, granulosa or corpora 
lutea often survived but never produced any oestro 
genic effect, as well as interstitial gland or theca 
interna contaminated with small follicles not posses- 
sing theca interna. Tsolated granulosa cells and 


fragments from the wall of larger follicles always 
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Figo t. Ovarian transplant (4) containing both theea interna cells 
and granulosa cells (transtormed into corpus luteum cells), The 
Vaginal transplant heavily cornified, — ( ec. O39) 


developed typical corpus luteum cells ins the trans 
plants, 
Follicle wall 


interna and 


transplants containing both theea 
regularly produced 
When theea interna cells and granulosa 
cells were first separated from cach other and then 


granulosa cells 


oostroven., 


inserted together into the eye, oestrogen formation 
was also noted thus showing that the absence of an 
oostrogenie effect of either type of cell by: itself could 
not ascribed to any traumatization of the cells attend 
ing the separation procedure, Oestrogen production 
interstitial 
gland cells were transplanted together with corpu 
luteum cells, 


was also noted when theea interna or 


Bisnar FALCK 
Department of Histology, 
University of Lund, Sweden. 


CYTOLOGY AND GENETICS 


A Sex Difference in White Blood Cells of Rats 
(WR Strain) 


During the course of toxteity studies inmate rat 
(WH), from female animal 
was transplanted to counteract depressing action ot 


isologous bone marrow 


the bone marrow of the compound under evaluation 
made fora biological marker character 
istic of the donor identifiable in the host and the 


A search was 


presence of a structural difference between nucler of 
mate and female nentrophilie leucoeytes as deseribed 


for humans', 


rabbits®, and doys® was confirmed alse 
for rats. 

Blood films (Wright stain) of male and formale Wh 
rats were examined, In fomales, characteristic 
‘drumsticks’ consisting of distinet chromatin nodule: 
about Toyo in diameter, occurred on the average of 
once in-every fourteen neutrophils (Fig. 1). At least 
six had to be counted before identifying the blood 
film ofa fomale, Atypical stuctures with minor lobes 
They 
fomales, 


or sessile nodules were occasionally confusing, 


occurred with about equal frequency in 


but were almost four times as frequent in males as 
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true’ drumsticks. The fact that on occasion an 
appendage acceptable as a ‘typical’ drumstick was 
ob-erved ins males necessitated the counting of at 
least two hundred neutrophils in’ a given blood 
gnoar before determining the sex*. Tt also prompted 
an examination of a given blood smear before deter- 
miooing the sex, and an examination of other white 
blood cells for the plane-convex mass of dark staining 
chromatin closely applied to the inner aspect of the 
nuclear membrane, as observed in other body tissues 
and in white blood cells of man’. Among the different 
types of white cells, an elliptical, distinet: and deeply 
basophilic mass of sex chromatin, attached to the 
inner aspect of the nuclear membrane, was observed in 
woymented neutrophils that do not contain “drum 
sticks’, non-soymented neutrophils, lymphocytes and 





leneoeyte with a 


neutrophilic 
Wright's stain, (x 2100) 


Vig. 1 A 
typlieal ‘drumastick’ 


polymorphonuctear 





> 
t. 
° 
‘ 
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& 
cs 
y 
be By : 
t Pa 
ooo AS 
Si Taglt 
LJ 
Mig 2. ‘Sex chromatin’ applied to the nuclear membrane of a 


lymphocyte characterized by plano-conves shape, distinet 
margin and deep staining, Wright's stain, (x 2100) 
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monocytes of female rats only (Fig. 2). The heavy 
chromatin structure of small) lymphocytes often 
precluded identification, but recognition of the mass 


of ‘sex chromatin’ was not difficult in) large and 
young lymphocytes, 
Unfortunately, the average distribution of ‘sex 


chromatin’? was small: eight: monocytes, five non 
segmented neutrophils, four segmented neutrophils 
without ‘drumstick? and three lymphocytes per one 
hundred cells of each type. 

The finding of  plano-convex 
especially in lymphocytes should aid considerably in 
determining the female pattern since these prevail 
in the peripheral blood of rats. Although our 
observations veneral consistent with the 
concept that the ‘drumstiek® and plano-convex body 
blood their 
diagnosis of sex 


‘sex chromatin’ 


are in 


are inherent features of female cells, 
relative paucity renders a 
often difficult, and the method is) extremely 
consuming, Also, in 


in males, the diagnostic usefulness 


correct 
timne 
view of various artefirets and 
‘false positives’ 
of sex chromatin as a biological marker in rats is 
questionable, 

This investigation was supported ino part by a 
grant from the National Tnstitutes of THlealth, U.S, 
Puble Health Service No. CY 3335, and The Children's 
Cancer Research Foundation. 

HANS Meier 
Children’s Cancer Research Foundation 
and the Departments of Pathology, 
The Children’s Medical Center and 
Harvard Medical School, 
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Tumour Production in Plants by Plant 
Extracts 
Tite importance of purified forms of alkaloids in 
inducing plant tumours is well Very little 
work has however been done on the use of plant 
extracts, containing alkaloids, in tumour production. 


known, 


Takenaka! has summarized the meagre data available 
and noted the effects of two olant extracts on living 
plant Alstonia scholaris yields an alkaloid 
having medicinal properties, especially in the cure of 
malaria, The present work deals with the applieation 
of bark this 
Alliam cepa. 

The extract was prepared by treating 
(14-5 pan.) of the plant with LOO c.e. 
chloric acid) (Lo per cent.) for 48 he. 
neutralizing the exeess acid with dilute alkali solution, 
Several concentrations were prepared by diluting: this 
Healthy onion bulbs were placed at 


tissue, 


extract of species on root) tissue of 
the bark 
of dilute hydro- 


and afterwards 


stock solution. 
the mouths of jars contaming the solution so that the 
roots were completely tmimersed, 

were intervals of 24 hr., 
performed following 


Observations mide at 
and cytological studies were 
the aceto-oreein squash technique, 

In solutions higher than 50 per cent. of the stock, 
the roots showed signs of flaccidity. After 24 hr. 
the bulbs were placed for recovery in Knop’s medium, 
With lower concentrations, no recovery experiment 
was needed. 

Swollen after 7 
recovery in’ Knop’s medium following 48 hr. treat- 
ment in stock and 50 per cent. solution and also after 


tumours were formed days of 
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Effect of the extract of Alstonia scholaris on the root- 
tip of Allium cepa, showing polyploid metaphase, stickiness, 
diplochromatid appearance and laggers and fragments respectively 
{ ce. 2,700). 


Figs. 1-4. 


11 days continuous treatment in 25 per cent of the 


stock solution. Tumours were formed about 1 in. 
behind the growing apex of the root and were 


elongated. 

Cytological examination showed most of the cells 
to be in a resting state, and divisions were noted in 
only 8-10 per cent of the cells. Irregular division, 


like fragmentation, lagging, stickiness of the chromo- 
somes was frequent. 2-3 per cent of the cells showed 


polyploid chromosome numbers. Metaphase and 
anaphase chromosomes appeared to be shortened and 
swollen. The diplo-chromatid appearance, as charac- 
teristic of colchicine treatment, evident. The 
cells of the tumour showed extreme elongation. 

It may be noted that Bailey? has reported chromo- 
and following treatment 
hydrochloric acid and sodium hydroxide in 
high concentration. Whether the very low concen- 
tration of these two chemicals for extraction 
here can be responsible for stickiness and characteris- 
tic swelling, was checked by control experiments 
with bulbs kept in these chemicals alone. No effect, 
however, was noted. 


was 


some swelling stickiness 


with 


used 


It is clear therefore that this extract is capable of 


including tumours and polyploidy in plant. cells. 
The tumour production involves mainly cell elonga- 
tion and polyploidy rather than rapid rate of division 
in all planes. 

I am grateful to the Ministry of Education, India, 
for awarding me a National Research Fellowship, 
during the tenure of which the present work was 
carried out. I am also thankful to Dr. I. Banerji, 


head of the Department of Botany and to Dr. A. K. 
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Genetic Control of Tryptophan Peroxidase- 
Oxidase’ in Drosophila melanogaster 


BUTENANDT!, Beadle? and Ephrussi? have shown 
that kynurenine synthesis occurs in insects and that 
in D. melanogaster the gene ‘vermillion’ (v) controls 
kynurenine formation. Tryptophan oxidation io 
kynurenine was extensively studied in mammal liver 
by Knox and Mehler*, who showed that two enzymes 
are involved in this two-step reaction: tryptophan 
peroxidase-oxidase ‘and kynurenine formamidase. 
Since the mutant v contains a normal amount of the 
latter enzyme’, it was thought that the first step of 
tryptophan oxidation, which leads to formylkynu- 
renine, is in some way affected by this mutation. No 
direct demonstration of enzyme control by the v gene 
has been given up to now; workers have. tric:| 
unsuccessfully to demonstrate that tryptophan is 
metabolized in Drosophila extracts®. \ 
very low content of tryptophan peroxidase-oxida-~v 
and the relative inadequacy of the methods «f 
enzyme assay, account probably for these result 
Only recently activity of tryptophan peroxidase- 
oxidase was recognized in an insect—the meal-mot!: 
Ephestia kuhniella*, and quantitative determinations 
were made by measuring the fluorescence of chromat: - 
graphically separated spots. This communication 
deals with the genetic control of tryptophan peroxidase 
oxidase in D. melanogaster studied by means of a ver 
sensitive method. 


vitro by 


Flies were reared on = standard corn-meal-agar 
medium at 25°, isolated within a few hours afte 


emergence and transferred into vials containing fres! 
medium, where they were kept for 6 days. The flie 
were homogenized for enzyme assay in a Potte 
homogenizer in four volumes (w/v) of a cold solutio 
of 0-014 M potassium chloride and 0-0025 VM sodiw 
hydoxide. The crude extracts were then centrifuge 
at 12,000 g for 30 min. and the clear supernatant us« 
directly. All the operations were performed at © . 
Incubation mixtures prepared according 
Knox® and contain | ml. of enzyme extract, 2 ml. : 
phosphate buffer 0-1 W pH 7 and 0:3 ml. of 0-03 3 
l-tryptophan ; for the blank preparation the amin: 
acid was omitted. The vials were incubated at 37 
in an atmosphere of air and the reaction was stoppe 
by the addition of 1-1 ml. of 20 per cent trichloroaceti 
acid. After filtration, kynurenine was determined by 
the Bratton-Marshall method®; the tubes wer 
stored at 0° for 14 hr. before reading at 560 my in a 
Beckman DU spectrophotometer. The molar ex 
tinction coefficient of the diazotized kynurenine is at 
this time maximum (¢= 28,500). The filtrates wer 
also used for paper chromatography, in order t: 
identify the products of the reaction. 

After incubation of enzyme extracts of wild-type 
flies an appreciable amount of a diazotizable sub- 
stance is formed, which has an absorption peak at 
560 my when subjected to the Bratton-Marshal! 
reaction. This compound was identified with kynu 
renine by comparison of the characteristic reaction: 
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0 1 2 3 4 
Time (hr.) 
ig. 1. Time course of tryptophan oxidation hy Drosophila 
nelanogaster homogenates in air and in oxygen atmosphere. 
Solid line : air atmosphere ; dotted line : oxygen atmosphere. 
Two homogenates with different activity were used. 
\ctivity pnmoles of kynurenine formed in 1 hr. by 1 gm. of flies. 
ble 1. 


lanogaster 


AROMATIC AMINE FORMED BY HOMOGENATES OF Drosophila 
INCUBATED WITH 1-TRYPTOPHAN, ERMINED BY THE 
BRATTON AND MARSHALL METHOD®, 





No. of 
determinations 


Strain Mean activity standard error 


wild type 0-131 0-013 7 
v! 0-014 0-002 6 
y36f 0-010 0-002 6 


Ehrlich, ninhydrin) and Ry» values given by the pale 
jue fluorescent spot, found in chromatograms, with 
those given by a sample of pure kynurenine. The 
ystems butanol-acetic acid-water (4:1:5), propanol 
| per cent ammonia (2:3), potassium chloride 20 per 
cent, sodium citrate 4 per cent, formic acid 5 per cent, 
methanol-benzene-butanol-water (2:1:1:1), were used 
for chromatography. 

Kynurenine formation was determined at successive 
time-intervals and shown to be proportional to time 
for many hours ; the results of such an experiment are 
llustrated in Fig. 1. The incubation in an atmosphere 
of pure oxygen increases the rate of the reaction by a 
factor of 1-2; the addition of 0-U1 M sodium di- 
ethyldithiocarbamate inhibits quite completely the 
eaction. The tryptophan  peroxidase-oxidase 

ctivity of wild-type D. melanogaster flies and of two 
‘mutants was determined. 

As shown in Table 1 the wv strain homogenates 

produce at a very slow rate a diazotizable compound, 
ut no kynurenine could be found in chromatograms 
‘btained from incubation mixtures of these strains. 
\t seems therefore probable that the gene v controls 
he synthesis of the tryptophan peroxidase-oxidase 
and that the mutant strains lack this enzyme. A 
‘similar situation was 
phestia kuhniella®. 


observed 
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GEOGRAPHY 


Effects of the Water Hyacinth 
(Eichornia crassipes) in the Nile Valley 


THE presence of Hichornia crassipes (water hyacinth) 
in the Nile has already been reported!. Since then its 
presence in force has been noted in the River Sobat; 
but its spread downstream in the White Nile is being 
checked at Jebel Aulia Dam, some 47 km. south of 
Khartoum. : 

Fish is an important item in the diet of the peoples 
living on the banks of the infected rivers. Hichornia 
has interfered, in some cases seriously, with fishing. 
The mats formed by the plant along the river banks 
exceed 10 m. in depth in many parts of the White 
Nile, while numerous side channels are choked up with 
the weed. The Nilotics, the largest single group of 
peoples affected have three main methods of fishing— 
with basket, line and spear. This growth seriously 
hinders the use of baskets and lines as these are always 
used from the banks. Thus there has been a relative 
increase in the proportion of fishing by spear from 
canoe. Perhaps the Niloties will begin to use basket 
and line from canoes. However, the riverside growth 
pushes the canoers out of the shallows where it is 
easier to paddle into the main current. in several 
areas there have been reports of less fish than in the 
past. This may be due to Eichornia restricting breed- 
ing grounds; but it seems more likely to be a measure 
of the increased difficulty of fishing. 

The interference with navigation by paddle steamers 
in the Nile has already been referred to!. The plant 
also interferes with local navigation by small craft, 
such as the Nilotic ambatch canoe and dug-out. These 
primitive boats are unable to hug the shallows where 
the current is slacker if much Hichornia is present 
along the banks and are forced out into the main 
stream where paddling is more difficult. At the same 
time the number of possible landing places is reduced, 
and time and labour have to be spent in keeping clear 
the small village landing-places. 

In most areas the effect on animal dry-season 
grazing appears negligible. In some areas where this 
grazing, exposed by the falling rivers, usually called 
‘toich’ in the Nilotie regions of the Sudan, is limited 
it is possible that the powerful Hichornia may restrict 
the growth of other more valuable forage grasses, 
whilst also it makes it more difficult for cattle to drink 
in safety from crocodile-infested rivers. An interesting 
situation is to be found in the lower Sobat. Here the 
river is incised, with the result that the grazing 
exposed by the falling river is of very narrow extent. 
The cattle grazed near the river bank during the rainy 
season are taken towards better pastures slong the 
White Nile during the dry season after that river has 
begun to fall. The most difficult time for animals 
along the lower Sobat is during the early dry season 
after the grass brought by the rains has dried up and 
before the Nile pastures are ready. At this period of 
the year Hichornia, in spite of its low grazing value, 
provides a welcome source of green matter for the 
cattle. 

Another possibility which could prove serious to the 
economy of the Sudan is that Hichornia crassipes 
might appear in force in the canals of the various pump 
schemes. So far this has not happened, though many 
have had to employ labour to clear out the pump 
intakes. An increase in costs of production, however 
small, is serious in the present state of the world 
market for long staple cotton. 
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So far the presence of Hichornia crassipes in the Nile 
has not proved disastrous, though it is making the 
already hard lives of some of the more primitive river- 
side inhabitants a little harder. So far it has proved 
advantageous in only the lower reaches of the River 


Sobat. 
J. DAVIES 


H. R. 
Department of Geography, 
University of Khartoum. 
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STATISTICS 


Estimation of Linear and Non-linear 
Structural Relations 


THE problem considered by Wayman! is one 
example of a wide class of problems which have given 
rise to a large body of literature in recent years. 
Lindley? has reviewed the field, and thirty subsequent 
papers are listed by Barton and David’. Of particular 
importance is the estimation of non-linear structural 
relationships. Several methods for estimating the 
unknown parameters are available; we outline 


below a method which will often give estimates of 
nearly optimal accuracy. 
We suppose the observations to consist of n pairs 


(vj, yi) with : 


x= Xj +a, yi=f(Xi) +4 (¢=1, 2, .., n) (1) 
where the function f(X) contains unknown parameters 
to be estimated and where the variances s;°, &* of 1,0; 
may be (a) known, (6b) known up = a constant factor, 
or (c) constant but unknown. Case (b) is no more 
difficult than (a) ; an estimate of the unknown factor 
can be obtained from the sum of squares of residual 
deviations. Further, it may be that the values Xj 
are (i) unknown parameters (to be estimated), or 
random variables whose common cumulative dis- 
tribution P(X) is (ii) known, (iii) of known form but 
with unknown parameters, or (iv) completely 
unknown. 

Even in the linear case, various difficulties arise. 
Thus in case (c) the linear relationship may be 
unidentifiable (see ref. 4). Neyman and Scott® have 
shown that when the number of parameters to be 
estimated increases indefinitely with n (as in case (i)), 
the method of maximum likelihood (M—L) (that is, 
least-squares if the residuals are assumed to be 
normal (Gaussian)) is not necessarily consistent. 
Cases (ii) and (iii) involve only a fixed number of 
parameters. Jeffreys’* method may be regarded as a 
special case of (ii) with certain conventional assump- 
tions regarding P(X); it is not consistent unless 
these assumptions are in fact correct. Kiefer and 
Wolfowitz’? have shown that in case (c)(iv), assuming 
identifiability and that the unknown variances are 
bounded away from zero, M-—L yields consistent 
estimates of the parameters of the line and of P(X). 

In general, three methods other than least-squares 
are already available: (I) Berkson’s assumption of 
the ‘controlled variable’ (see ref. 8) which reduces 
case (c) to case (b) ; (II) the ‘method of moments’ in 
which various relations deducible from Y==f(X) 
are summed, the sums involving X and Y being then 
estimated from corresponding sums involving x and y ; 
and (III) obvious extensions of the ‘method of dicho- 
tomy’ due originally to Bose®. (I) may be inappro- 
priate ; (II) and (III) are consistent (when this is 
possible) but inefficient. 
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In cases (ii) and (iii), it is always possible in principle 
to find the joint distribution of aj, yj, and Xj, and to 
average over Xj; then M-—Z can be used on the 
resulting distribution of xj and yj. This approach 
will usually lead to very intractable equations. Barton 
and David’ have proposed the following approach, 
which is certainly workable when f(X) is a polynomial, 
and is nearly optimal when f(X) is substantially 
linear. 

From (1) and P(X) we can find the mean and 
variance of y conditional on x, say : 

E(y | x)=a(x), Var (y | x) 
Then we minimize : 


2 he b(xj) + (yi —a(< ))?/b( Xj) a (3) 
J 


with respect 5 all the unknown parameters. The 
argument proving joint asymptotic normality of the 
resulting estimators follows closely that for M-L 
estimators, the analytic conditions being a straight- 
forward modification of these. When f(X) is quadratic 
this procedure leads to three non-linear simultaneous 
equations which can be solved by iteration. 

D. E. BARTON 

C. L. MaLLows 


==(2). 


Department of Statistics, 
University College, 
London. 
Sept. 22 
1959). 


B, 9, 218 (1947). 
Bull. 31st Session I.S.I. (1058) 


? Wayman, P. A., Nature, 184, 77 ( 

? Lindley, D. V., J.R. Statist. Soc., 

* Barton, D. E., and David, F. N., 
(in the press). 

* Reiersol, O., Econometrica, 18, 375 (1950). 

5 Neyman, J. and Scott, E. i Ann. Math. Statist., 22, 352 (1951). 

® Jeffreys, H., ‘Theory of Probability’, 2nd Edition (Cambridge Univ. 
Press, 1948). 

? Kiefer, J., and Wolfowitz, J., Ann. 27, 887 (1956). 

5 Geary, R. C., J. Amer. oe Assoc., 

* Bose, S. 8., Sankhya, 8, 339 (1933). 


Math. Statist., 
48, 94 (1953). 


A Least-Squares Solution for a Linear 
Rejiation between Two Observed Quantities 


IN a recent communication with the above title, 
P. A. Wayman! presents a solution to the problem of 
fitting a straight line when both co-ordinates are 
subject to error. He mentions some previous attempts 
to solve this problem, but is evidently unaware of the 
existence of a monograph by W. Edwards Deming?. 

Deming presents a completely general method for 
fitting experimental results by least squares and, when 
this general method is applied to the specific problem 
studied by Wayman, the same result is obtained. The 
statement that the solution only passes through the 
centre of gravity if this is found by applying a weight 
wr to each point is also found explicitly made by 
Deming? (Wayman’s w, is identically the same as 
Deming’s JV). 

This republication of a result published first about 
twenty years ago suggests that Deming’s excellent 
monograph is not as well known to scientists generally 
as it deserves to be. 


B. K. KEetiy 
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